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A POST-CARD FROM YOUR PRESIDENT 


Dear old golden October with her bright blue weather is here 
again and school is in full swing. For a month or more now we 
have had eager eyes to “‘eagerize.”’ Isn’t it fun to teach boys and 
girls mathematics and science in the autumn when there is 
FIRST HAND arithmetic and chemistry and physics and bi- 
ology and geography and elementary science in the outdoors 
all about us! (One of our speakers will emphasize this point). 

October reminds us that November and Thanksgiving time 
and our annual meeting are coming soon. The various com- 
mittees and chairmen are busily engaged in making preparation 
for the event. Under the guidance of our Mr. W. R. Teeters, 
supervisor of science in the St. Louis schools, the science and 
mathematics teachers in St. Louis are leaving no stones un- 
turned to make our meeting a success. Great credit is due them 
for their active and enthusiastic interest. 

In a previous post-card I spoke briefly of our meeting place, 
the beautiful Coronado Hotel. When you come to the meeting 
and see our attractive convention home I am sure that you will 
agree that it is an ideal place for our big family to gather for 
our annual meeting. 

The large lounging room with its homelike arrangement is at 
once appealing. The meeting rooms all on the first floor, and of 
the desired size, properly equipped, are ideal for our meeting. 
Also, on the first floor are the beautiful ball room where the 
general meetings will be held; the main dining room; an ex- 
cellent space for our exhibitors; the cafeteria and “mammy 
kitchen’’—in fact, everything except our sleeping rooms, is on 
the main floor. 
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Enough for all of us, and at reduced rates, are attractive sleep- 
ing rooms, each with bath and outside windows. 

And now a word about our speakers and the splendid program 
that has been prepared for us. I am grateful for the gracious co- 
operation given me by the section chairmen and so many others 
in securing our speakers. Each speaker has been chosen with the 
greatest care. Only those men and women who have made dis- 
tinct contributions to the field of mathematics or science, there- 
fore having live, first-hand messages to bring to us, have been 
selected. The plan is not to have a dull or dry moment in any 
of the programs. 

The following are some of the speakers who will address us: 

Superintendent Henry J. Gerlin of the St. Louis public schools 
will extend to us a hearty welcome. 

Assistant Superintendent, John Rush Powell, will tell us how 
science and mathematics are taught in the St. Louis 
Schools. 

Dr. Peter Blos, Metairie Park Country Day School, New 
Orleans, will talk on Science and Mathematics in the 
Southland. 

Prof. Theodore Yntema, The University of Chicago, will dis- 
cuss the relation of mathematics to economics. 

Prof. Ralph C. Bedell, State Teachers College, Kirksville, 
Missouri, will offer interesting material regarding factors 
which help in determining success in science and mathe- 
matics. 

Dr. Herbert H. Johnson, Eastman Kodak Co., will be in- 
spirational in his telling of ‘‘seeing the invisible.” 

We have for our dinner meeting John Y. Beatty, author, 
public speaker, naturalist, and editor of Luther Burbank’s Auto- 
biography. Mr. Beatty known and loved as “‘Uncle John” by 
thousands of boys and girls throughout the country, will bring 
us one of his inimitable messages of good cheer. 

Space does not permit mentioning at this time the twenty- 
five or more speakers, many of whom are nationally known, who 
will appear on the section programs. The complete program will 
appear in the November number of SCHOOL SCIENCE AND 
MATHEMATICS and in the Year Book. 

The programs are full but not too full. Time for friendly 
Visits is being provided when all of us can say ‘“‘Howdy,”’ swap 

opinions and enjoy good old-fashioned chats. After all, this is 
one of the important reasons for our annual meetings. 
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Railroad rates are lower this year; bus lines offer attractive 
round trip rates; and well paved highways lead to St. Louis 
from all directions. Ample free parking space near the hotel will 
be provided for those who drive. The weather is usually ideal in 
St. Louis at Thanksgiving time. 

Now that we have held our conventions in hotels since 
“Cleveland”? days and know how pleasant such meetings can 
be—all under one roof—shall we not express our appreciation 
to those St. Louis folks who are so busy planning for our welfare 
by making early reservations at the Coronado Hotel? The rates 
are reduced especially for us. Let’s make it the very homiest, 
friendliest meeting of our history by living as one large and 
happy family during our stay in St. Louis. I am eager that all of 
us know one another better, and this arrangement gives op- 
portunity of doing so. 

With a wonderful home, an excellent program, and a genial 
host making so many plans and preparations for our pleasure 
and profit, it seems that the ‘Spirit of St. Louis” gives promise 
of surpassing any previous meeting in attendance, hospitality, 
comfortable quarters and happy surprises. 

If you are not now a member of The Central Association of 
Science and Mathematics Teachers won't you please fill out 
the blank provided and join us? We will be most happy to have 
you, and I am sure that you will find pleasure and inspiration in 
our organization. 

We are proud of our journal, SCHOOL SCIENCE AND MATHE- 
MATICS, which is owned, managed and edited by teachers. Your 
membership includes a year’s subscription to the journal and 
admission to all sessions of the annual convention. 

Come on Thursday afternoon, whether you are a new or an 
old member, and let’s have our Thanksgiving dinner together. 


Sincerely yours, 
O. D. FRANK 


OUT OF’A JOB 


Technological unemployment has not only made bums out of many men 
who were once good workmen, it has also made weeds out of some plants. 
Conspicuous is the teazle, a tall, stiff, burr-headed plant that grows abund- 
antly in wastelands in many parts of the country. The teazle is an im- 
migrant, brought in because the strong, springy hooks of its heads, nailed 
to wooden rollers, once served in weavers’ shops, to raise the nap on cloth. 
Now the job is done with brass bristles—and the teazle is a tramp. 











HOW SEEDS ARE SCATTERED 


By LILLIAN HETHERSHAW 


General Science Department, Drake University, 
Des Moines, Iowa 


Each fall finds children in nearly every school district bring- 
ing milkweed pods to school for the teacher. Each fall finds 
many pupils pulling the seeds from the pods and holding them 
high and watching them float away. Often other children come 
‘ to school with beggar’s-ticks, cockleburs, burdocks or sand burs 
on their clothing. These are experiences of children which may 
be utilized to teach a unit of science on ‘“‘How Seeds are Scat- 
tered.”’ These experiences may be used to interest children to 
observe seeds more widely and more carefully, to become ac- 
quainted with more seeds, to find how they are scattered and 
the need for plants to scatter their seeds. The study of this 
unit should help pupils to interpret a part of their environment 
and make for intelligent living and for the enrichment of life. 

The unit ‘‘How Seeds are Scattered”’ has been tried out ex- 
perimentally in several different public school systems in the 
middle west. It seems to have been most satisfactory in the 
fourth grade. The following may serve only as a guide to ele- 
mentary school teachers who wish to teach this unit in other 
grades than the fourth grade. 


OUTLINE OF PROCEDURE 

Several ways by which an approach to the unit may be made 
are as follows: place on a table a day or so before the unit is 
started with the class, different kinds of seeds. Write one or 
two questions on a cardboard about each kind of seed such as 
“Do you know the name of this seed?”’ ‘Have you seen it be- 
fore?” “Where?”’ These may interest the pupils to ask questions 
and to bring in other seeds. The teacher may ask the pupils 
some questions such as the following about seeds and how they 
are scattered: 

1. Has your dog come home with cockleburs in its hair? 
What other animals have you seen with seeds in their fur? 
What seeds have you seen sailing through the air? 
Have you seen a robin eating a cherry? 

Do you know why plants must scatter their seeds? 


Un we GW bdo 


Lists of seeds which children already know may be placed 
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HOW SEEDS ARE SCATTERED 


on the blackboard. Others may be added as they study the 
unit. One way each seed is scattered may be written opposite 
the seed. 

Some of the various activities listed below may be started. 
Pupils may read for further information about different seeds 
they have observed and discussed in class. Pictures of seeds 
may be placed on the blackboard. Pupils may make drawings 
of seeds on the blackboard or on paper. 


ACTIVITIES FOR PUPILS 


Here is a list of things for pupils to do. Some of these things 
may be done by the class, some may be done by groups of 
pupils, and some by individual pupils. 

1. Go ona field trip to a vacant lot or to a road side 

a. Look for ripened seeds 

b. Look for seeds sailing through the air, such as milkweed seeds 
or dandelion seeds. 

c. Find seeds in pods, such as wood sorrel, violet, or evening prim- 
rose 

2. Each pupil may make a collection of seeds, or the class may make the 

collection, to show: 
a. Seeds with tufts of hair 
b. Seeds with wings 
c. Seeds produced in seed pods which pop 
d. Seeds which have fleshy parts around the seed 
e. Seeds with hooks or spines 





Seeds may be mounted in any one of these three ways: 

(1) Take a piece of cardboard about 28” X36” and mark into 
squares about 4” x4”. In each square draw around a half 
dollar; then cover the ring with glue. Drop enough seeds 
to cover the glue. Leave it until the glue dries. Write the 
name of each kind of seed below it. 

(2) Place the seeds in small glass bottles. Wire the bottles to 

1 a cardboard. Write the names of the seeds below each 
bottle. 
| 





(3) Place the seeds in small cellophane sacks. 
3. Observe the following: 


a. Do the seeds differ in size? 
b. What are some of the different colors of seeds? 
c. What are some of the different shapes of seeds? 


OUTLINE OF THE UNIT 
The following is the outline of the subject matter of the unit. 
The pupils read about the different ways seeds are scattered. 
I. Introduction 


II. Scattering seeds is very important to plants 
III. Some ways seeds are scattered 
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1. Some seeds are scattered by the wind 
a. Seeds with sails 
b. Seeds with wings 
c. Seeds that travel over the ground 
d. Seeds that travel over the snow and ice 
e. Seeds that are shaken out by the wind 
2. Some seeds are scattered by birds and animals 
a. Seeds with hooks or spines 
b. Sticky seeds 
c. Seeds in fleshy fruits 
d. Nuts and acorns 
People often scatter seeds 
Water helps to scatter some seeds 
Some plants ‘“‘shoot”’ their seeds 
6. Some seeds roll away 


Un te W 


IV. Seeds must fall in a favorable place to grow 

The pupils read about the different ways seeds are scattered. 
Here is an example of the information which the children read. 
The following is the “Introduction” or over view of the unit 
and the first few topics as given in the Outline above. 


HOW SEEDS ARE SCATTERED 


Introduction. Plants cannot move about the ground like 
animals, nor can they fly through the air like birds. You might 
sit beside a dandelion plant all day long, and you would not 
see it move one inch. Yet plants do travel. Some of them go by 
land, some go by water, and some fly through the air. Many of 
them go long distances and have all kinds of interesting ad- 
ventures on the way. 

It may seem strange to you to think of plants traveling. But 
after you know what a seed really is, it will not seem so strange. 
Every seed contains a tiny plant that will grow into a large 
plant if it gets the right start. This tiny seed plant may be so 
small that you cannot see it, but it is always there. A seed is 
really a tiny plant, and of course you know that seeds can easily 
be carried about from one place to another without being hurt. 
Plants always do their traveling when they are seeds. 

1. Scattering seeds is very important to plants. You may 
wonder why seeds have to do all this traveling. To find that out, 
let us first see what would happen if seeds did not have some 
way of traveling. 

Let us suppose that all the seeds which a plant produced in 
one year just fell to the ground below the parent plant. If all 
seeds did this, the kind of plant that produced the seeds would 
die out after a while. You see, when these seeds started to grow, 
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the young plants would soon become so crowded that none of 
them would grow well. They would shade one another so that 
none of them could get enough sunshine or air to grow properly. 
Then there would not be enough food and water in the soil for 
all of them. In the end, most of them would probably die before 
the seeds could grow to be full-sized plants. If this happened 
year after year, by and by that kind of plant could not be 
found growing anywhere. You can see that it is very important 
for each kind of plant to have some way of scattering its seeds. 
In this way at least some of these seeds will have a good chance 
to grow. 

Almost every plant produces a great many seeds. Perhaps 
you have not thought of it in this way before, but the one great 
purpose of flowers is to produce seeds. Some plants produce 
hundreds of seeds during one season, some thousands, and some 
millions. It is necessary for a plant to produce a great number of 
seeds, for each seed has only a very small chance of growing up. 
Some plants die after their seeds have been ripened and scat- 
tered, but their seeds usually can live for a long time afterwards. 
Many of the seeds that start to grow into new plants in the 
spring come from a plant that died the autumn before. 

2. Some seeds are scattered by the wind. Just as we have many 
ways of getting about from place to place, so the seeds travel in 
many different ways. You must keep in mind, though, that 
seeds cannot move themselves. Something must move them. 
The wind is one of the most important helpers in moving seeds. 
Some of the wind-moved seeds travel up in the air. Some are 
blown along the ground or over ice. Some are even tossed to their 
new homes. 

Seeds with sails. We have all seen dandelion seeds floating 
along in a breeze. This is one of the most successful of the wind- 
blown seeds. Let us look closely at one of these little air travel- 
ers. Each seed has a long stem, and at the top of the stem is a 
tuft of very light hairs. This tuft of hairs is called a pappus. We 
might compare the whole seed to a little ship. The seed is the 
hull of the ship. The stem is the mast, and pappus the sail. The 
little hooks on the seed are the anchors. 

Now let us see what happens when one of these little seed 
ships takes its journey. Here is a dandelion plant with its seeds 
ready to sail away. There are a number of ships lightly anchored 
to the top of the dandelion stem. Along comes a puff of wind, 
and up sails one of the little ships. The seed is a little heavier 
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than the sail, so it always hangs downward. On it goes, over 
fields and meadows, sometimes high in the air and sometimes 
near the ground. 

Finally the breeze dies away, and the little ship comes down. 
Now an interesting thing happens. The sail folds up, just as 
the sails on a ship are folded up when it comes into port. If the 
little ship lands in a rough place on the ground, it is held there 
by little hooks that point upward and act as anchors. But if 
the dandelion ship lands on a smooth place, the anchors do not 
hold. The sails open again, and the next puff of wind carries it 
up and away on another journey. 

A great many other seeds travel in this same way, but most 
of the others do not have the little anchors to hold them after 
they land. The seeds of milkweed, thistle, wild lettuce, syca- 
more, cattail, goldenrod, ironweed, aster, and many other 
plants have sails like the dandelion. If you look at these seeds 
you will see that each one is a little different from the others, 
but they all travel in about the same way. 

Seeds with wings. You may have watched a maple seed spin- 
ning round and round as the wind carries it through the air. 
Each maple seed has a broad flat membrane, or wing, extending 
out from the part that holds the seed. The wing causes the 
whole seed to spin rapidly around as it falls through the air. 
The spinning around makes the seed fall very slowly, and it 
can be driven with the wind for some distance before it reaches 
the ground. 

The maple seed cannot travel so far as a seed with sails, but 
it usually starts from a point high above the ground. By the 
time it reaches the ground the seed end is always downward, 
because the seed is heavier than the wing. Thus, you see, the 
seed is likely to touch the ground, and to have a chance to 
sprout. 

Other trees besides the maple that have seeds with wings are 
the pine, spruce, ash, elm, and linden. 


IMPORTANT POINTS TO BE DEVELOPED 


A few generalizations and major understandings are to be 
developed in this unit. The various activities which the children 
have engaged in during the study of the unit such as going on 
field trips, making collections of seeds, and grouping them, read- 
ing for further information, etc., should help the child toward 
an understanding of these generalizations. 
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Fourth grade children will not master the first of these gen- 
eralizations with teaching one unit. Each time this generaliza- 
tion is taken up in other units it should help to give the pupil 
a better and clearer understanding of it. 

Plants must scatter their seeds or die out. 


Some seeds are scattered by the wind 

Some seeds are scattered by birds and fur-bearing animals 
Seeds are often scattered by people 

Some seeds are scattered by water 

Some plants “shoot” their seeds 

Some seeds roll away 

Seeds must fall in a favorable place in order to grow 


Every plant produces many seeds each year, but only a few 


of its seeds grow up. 


FOR THE ENRICHMENT OF THE UNIT 


Gather different weeds with pods on them for a winter 
bouquet for the schoolroom, or for your own home. Place them 
in a vase without any water. The pods will dry and open in 
the warm room. They will be interesting subjects to draw. 

In geography study seeds which are used as food; such as 
corn, wheat, cocoanuts, beans, and nuts. How have seeds helped 
in settling the different parts of our country? Such as corn in 
Iowa, wheat in Minnesota and cottonseed in the Southern 
states? . 


6. 


~I 





BOOKS FOR THE PUPILS 
CRAIG, JOHN BRADFORD. Nature Study for Boys and Girls, McIndoo 
Publishing Company, Kansas City, Missouri; 1930, Book I, pages 
46-50 about dandelions; Book III, pages 137-145 about thistles and 
milkweeds. Easy reading. 
DuNCAN, F. Martin, and Duncan, L. T. Plants and Their Children, 
pages 48-78 about plants scattering their seeds. Oxford University 
Press, New York. Easy and interesting reading. 
FuLtz, F. M. The Flyaways and Other Seed Travelers, Public School 
Publishing Company, Bloomington, Illinois; 1909. Easy reading and 
good pictures. 


. JENKINS, O. P. Interesting Neighbors, pages 160-178, About some 


boys and girls who go on a tramp to the woods to see seeds traveling. 
P. Blakiston’s Son & Company, Philadelphia; 1922. 

KENLY, JULIE CLosson, Green Magic, pages 129-141, About seeds 
which go ajourneying. D. Appleton & Co. New York; 1930. 

PARKER, B. M., and Cowes, H. M. The Book of Plants, pages 102- 
115. Houghton Mifflin Company, Boston, Massachusetts; 1925. 
Patcu, Epirn M. First Lessons in Nature Study, pages 47-63; The 
Macmillan Company, New York; 1926. About different ways seeds 
are scattered. Easy reading and good pictures. 
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8. SHIRLING, ALBERT E. Outdoor Adventures, pages 75-87, About wood 

f% tramps and how they travel. World Book Company, Yonkers-on 

Hudson, New York; 1928. Easy reading, in story form, and good pic 
tures. 


AN EFFICIENT AND INEXPENSIVE 
ELECTROPHORUS 


By ARTHUR L. FOLEY 


Professor of Physics, Indiana University, Bloomington, Ind. 


No user of an electrophorus can have failed to be disappointed 
in the performance and the lack of efficiency of the type of the 
instrument sold by many of the apparatus companies. They 
never work very well at any time, but when the atmospheric 
conditions are unfavorable one must waste time coddling them 
to make them work at all. Of course, one can charge an electro- 
scope with them almost any time. He can do that with a pocket 
comb, a rubber band, or the barrel of a fountain pen. But to 
get an electrophorus to work well enough that the members of 
a physics class can hear, many times see also, the spark that 
passes when the finger is brought near the disk when the disk 
is placed on the charged electrophorus and again when the disk 
is removed and discharged, is quite another matter. 

In searching for a device of higher efficiency the writer used 
plates of rosin, shellac, sealing wax, Burgundy pitch, singly and 
mixed in various proportions, finding none of them comparable 
in efficiency to a plate of sulphur. Why designers of physics ap- 
paratus ever chose hard rubber as a material for an electroph- 
orus plate is hard to understand. Of course, they might have 
chosen something worse. It would have been just as easy to 
find something better, and cheaper. Indeed, when one finds 
that many of the instruments on the market some years ago, 
and some still on the market, are rubber plates without metal 
soles, he is forced to conclude that designers have given no 
thought to the electrophorus, either from the standpoint of effi- 
ciency, or how and why it performs at all. They do not appear 
to have sensed that an efficient electrophorus acts like a con- 
denser, and that a heavy charge cannot be given the surface 
of the plate without a grounded conductor on the opposite side 
to bind most of that charge. An electrophorus without a metallic 
sole is worthless. 

Applying condenser theory we see that our electrophorus 




















AN EFFICIENT ELECTROPHORUS 


should have considerable surface, and that the plate should be 
thin, and of a substance having a high dielectric coefficient. The 
material should stand near one end of the electrostatic series 
and be rubbed by one near the other end. Sulphur and wool 
flannel (felt) give excellent results. 

Into a ten-inch aluminum cake pan having a practically 
vertical wall (rim) preferably not more than three-fourths of an 
inch high (deep) pour melted stick sulphur until the pan is 
nearly, but not quite full. The sulphur should be heated slowly 
and only enough to melt it, lest it change its form. Because 
heat is conducted somewhat more readily through stick sulphur 
than through sulphur flour, there is less danger of overheating 
the former. Do not melt the sulphur in the cake pan, lest you 
warp the bottom, and do not apply the flame of a Bunsen burner 
directly to the vessel in which the sulphur is melted. Use an 
intervening plate of metal. 

Ordinarily the sulphur near the rim of the pan solidifies be- 
fore that in the center. The contraction on solidification is con- 
siderable, resulting in numerous empty spaces between sulphur 
crystals in the center of the pan. These crystals should be 
broken out so as to connect all the spaces in one. Then fill with 
melted sulphur. Contraction on solidification results in a sulphur 
disk so loose in the pan that it will slide about when rubbed, 
and fall out when the plate is inverted. The first of these de- 
fects can be minimized and the second entirely removed by a 
half dozen projections made by holding one side of the rim of 
the pan against the end of a narrow block of wood and with a 
hammer and a round ended punch (made—say—by filing round 
the end of a 20 penny nail) making several deep dents in the 
rim, as deep as can be made without danger of punching holes 
through the metal. However, a more satisfactory pan can be 
made by any tinner, out of tin or thin sheet copper. The pan 
may be ten inches in diameter with a vertical rim about three- 
fourths inch high. The rim should be rolled over a wire not less 
than three-sixteenths inch in diameter—the roll projecting 
toward the inside of the pan so as to hold the sulphur disk in 
place. The sulphur need not be more than a half inch deep, 
leaving the rolled edge of the pan projecting about a quarter of 
an inch above the sulphur. 

To charge the electrophorus use a piece of heavy wool felt. 
Do not rub the disk—strike it a glancing blow so that the felt 
will pass over the projecting rim of the pan thus helping to 
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charge the sole and at the same time discharging the cloth and 
permitting it to act more efficiently the next stroke. 

The carrier plate for a ten inch pan should not be larger than 
seven and one-half inches in diameter, and it should have a 
rolled edge—rolled over a wire at least three-sixteenths inch in 
diameter so as to increase the charge that can be given the 
plate without its “spitting” off at the edge when the charge is 
freed by lifting the plate from the charged sulphur disk. In- 
deed, the charge that can be given the plate with the electroph- 
orus of the above dimensions is so great that even with a 
rolled rim plate carefully placed in the middle of the sulphur 
disk sparks will often jump from the plate edge to the pan (a 
distance of more than one and one-fourth inches) when the plate 
is lifted. Sparks to the finger on charging and discharging the 
plate can be heard easily at any part of a lecture room seating 
two hundred students. 

Answering the objection that because ultra-violet light re- 
duces the insulating properties of sulphur and, therefore, that a 
sulphur electrophorus may not function at high altitudes, I will 
say that I found no observable reduction of the efficiency of 
either of two of them, the one a disk several years old, the other 
a disk recently cast, when exposed to sunlight for several hours 
or when used within four feet of a quartz mercury arc of the 
type used in purifying water. The reduction in the insulating 
properties of sulphur by such radiations is entirely too small to 
affect the efficiency of a sulphur plate electrophorus. 





OXYGEN LACK OCCURS IN MINE 


Constant ventilation is necessary at the working end of Treasury Tun- 
nel Mine, located on the Million Dollar Highway near Ouray, Colo., be- 
cause the composition of the air changes markedly in 24 hours without it. 
Samples taken 5500 feet into the mountain show that the oxygen content 
of the air falls from its normal value of 21% to 3.80%. While the air con- 
tains the normal air constituents the nitrogen portion rises to over 95%. 
Miners can work only a few minutes without becoming unconscious and 
carbide lamps are immediately extinguished. 


MOLASSES USED FOR ROADS 


Molasses is being mixed with surface soil on the roads of Mysore 
Province in India to produce a cheap highway that is dustless, wear- 
resisting and impervious to all but the heaviest rains, states a report to 
the Department of Commerce here. 
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III. SOME OF NATURE’S CURVES 
By Sue Avis BLAKE 
3 Pollard Park, Williamsburg, Virginia 


The circle is the member of the family of conic sections most 
often met with in nature. We see it in the ever-expanding rip- 
ples of a pool; a blade of beach grass on a sand dune will, when 
blown by the wind, describe on the sand a circular arc of radius 
equal to the length of the blade. Lunar halos and coronas are 
circles and a rainbow is a part of a circle. Observed from a 
mountain top a rainbow may completely encircle the sun, an 
observer in the position of the apex of the cone of which the bow 
is the base. A rainbow is formed by the separation of sunlight into 
its constituents, red and orange, green, blue, indigo and violet, 
when sunlight shines through spherical dropsof water. See “‘Conic 
Sections,’ ScHOOL SCIENCE AND MATHEMATICS, March 1936, 
Fig. 2, where on the downward path of a stream of water 
from a hose the stream breaks into a shower of droplets. Just 
so in a pelting rain, drops break away from the stream or sheet 
and, coated with the dust of the road, roll along as little 
globules. In a rainbow light is refracted or bent by a raindrop 
just as it is bent by a prism—the different components of sun- 
light being diversely refracted and thus spread out fanwise in 
a spectrum. Where the rain is in streams or sheets no rainbow 
is formed. 

A circle swinging about any diameter evolves a sphere. The 
earth spinning in space is a flattened sphere or spheroid, bulging 
in the equatorial regions because of centrifugal force developed 
by the spin. But the spheres of nature are not evolved by the 
revolution of circles, rather they are due to surface tension. 
Surface tension is just what the name suggests. The surface 
layer of any liquid behaves as though it were covered by a 
stretched elastic film. The reason for this is that while in the 
interior of a body a particle is attracted in all directions by the 
other particles of the body, attracted equally in all directions 
if the body is homogeneous and isotropic,' so that there is no 
resultant force on such a particle, this is not the case for a 
particle in the surface layer. Here it is pulled downwards and 
sideways but not upwards. In the surface layer one direction of 
pull on a particle is lacking consequently there is a resultant 


1 The same properties in all directions from a point. 
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force on the particle and the direction of this resultant force is 
inwards from the surface layer. Since there is a tug inwards 
from the surface layer of every body, if parts of the body can 
move easily over each other as they can in a non-viscous 
liquid, there will be in the surface layer of the substance a 
minimum of particles, the surface becoming as small as possible 
for its volume. 

The sphere has the smallest surface for a given volume,” hence 
all bodies tend to become spherical unless, as is the case of glue 
on wood or paper, adhesion is greater than cohesion. ‘This 





Fic. 1-a. Stream from a hose. 





Fic. 1-b. Stream from a hose, ejected with 
about one and a half times the force used in 
the above. 


tendency for spheres to form manifests itself in the breaking 
away of drops from a stream of liquid. Mercury spilled on wood 
or glass, on anything which it does not wet, rolls off in little 
balls or beads, much to one’s annoyance if one attempts to 
recover it. Here cohesion is greater than adhesion. A drop of 
oil suspended in a liquid of its own density is spherical. Soap 


2 The surface of a sphere of volume equal to that of a cube is about 0.8 that of the surface of the 


cube. 
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bubbles are spherical and tend to diminish in size retaining their 
spherical contour. Spherical bubbles of water sometimes form 
at the mouth of a tap. The shape assumed by water dripping 
from a tap is the shape assumed by a piece of thin rubber when 
weighted with mercury. We see the shape in a drop of hot jelly 
or of molasses which drip slowly because of their high viscosity. 
We see the shape in an icicle,* water frozen as it drips. 

Among nature’s curves the parabola is a close second in 
familiarity to the circle. It is the path traced by all masses, 
liquid and solid alike, when hurled obliquely or horizontally 
into space in the neighborhood of the earth, this with moderate 
force. It is the path of a bullet shot from a gun; the path of an 
object thrown from a moving train. Of course the friction of the 
atmosphere causes some divergence from precise formation. 
See “‘Conic Sections,” SCHOOL SCIENCE AND MATHEMATICS, 
March 1936, Fig. 2, also, in this present paper, one wing of a 
parabola in Fig. 1, a—and one wing in Fig. 1, b. The mathe- 
matical formula describing a parabolic path is very easily 
deduced.* 

Fig. 1 shows two parabolic streams from a hose, one wing 
only being present in each case because of the 90° angle of 
ejection. With an angle of ejection of just under 180° as in Fig. 
2 of the paper ‘‘Conic Sections,’ SCHOOL SCIENCE AND MATHE- 
MATICS, March 1936, both wings are present. In Fig. 1 of the 
present paper, the span or range of the parabola in “b”’ is 
roughly one and a half times that in ‘‘a’”’ because the forces of 
ejection in the two instances are roughly in that ratio. 


>See C. V. Boys: Soap Bubble , p. 36 
‘ If vo be’the initial velocity with which a body is ejected and @ be the angle made with the vertical, 
and / stands for time, then motion resolved along the horizontal X -axis, or 


x vosin@-t 1) 


and the motion resolved along the vertical } -axis, or 


cos 0-4 + def 2 
where g is the acceleration of gravity 
From (1), 
x 
‘= = 
sin @ 
Substituting this value in (2), since we wish to eliminate time—an orbit being independent of time 
we have as a description of the orbit 
y? 
r cot @ + —— cosec¥” 
dora? 


vo 


If, as in Fig. 1, 0=90°, cot @=0 and cosec 6=1, in the neighborhood of the earth where 
g = 32.16 It. per sec. per sec 


the equation of the orbit becomes 


Giving proper values to vo in this equation we should obtain by plotting the curves in Fig. 1. 
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The parabola has symmetrical properties. It is because it has 
unit eccentricity, that is, because the distance from any point 
on a parabola is equidistant from focus and directrix—see 
“Simple Periodic Motion,” ScHoot ScIENCE AND MATHEMA- 
tics, May 1936—that energy reflected from the focus of a 
parabola of revolution, or paraboloid, yields parallel rays and 





Fic. 2. Here is one wing of a paraboloid. 


that conversely parallel rays of incident energy come to a point 
focus. This remarkable property of a paraboloid leads it to 
figure largely as an artificial reflector. We shall discuss this 
point in a subsequent paper. When one swings a tilted pail of 
water the surface of the water is a paraboloid. In nature we 
have one wing of a paraboloid in the waterfall pictured in Fig. 2. 


Fic. 3. Caustic curve and circular surface, reflection of parallel rays 
from which forms the caustic. 


Parallel rays of energy incident upon a circular surface do not 
meet at a point focus. The locus of the intersections of sunlight 
rays reflected from a circular surface is a curve known as a 
caustic,® or, more popularly, as a “‘cow’s foot.”’ It is the familiar 


5 Meaning that which burns—the sun’s rays coming to a focus on an inflammable substance do, of 


course, burn the substance. 
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cusped curve reflected on the surface of a glass of milk or of a 
cup of tea (or on the bottom of an empty circular vessel) when 
sunlight strikes the circular surface of the vessel above the 
liquid. See Fig. 3. 

After the various conic sections the most familiar of nature’s 
curves is the catenary. The word catenary comes from the Latin 





Fic. 4. Catenaries. 


“catena,” a chain. The catenary is the curved path of a chain 
of uniform weight held at its ends and hanging free. The 
catenary of revolution is the form of a sail filled by the wind 
and for this reason was called by Jacques Bernoulli, the mathe- 
matician, a valeria or sail curve. 


LAPLAND REVEALED AS WARM IN STONE AGE 


More than 30 settlements of human beings dating from the Stone Age, 
or about the year 3000 B.c., have been unearthed in Swedish Lapland by 
Kurt Tinnberg, Stockholm archaeologist. In a few months he has gathered 
some 3000 flint tools, weapons, and utensils, said to be the most northerly 
ever found in Sweden. 

According to Mr. Tinnberg, researches show that the climate of Scandi- 
navia in those distant days was warmer than now. To support his theory 
he points to recent finds indicating that grapes grew wild in Sweden more 
than 4000 years ago. 











VITALIZING CHEMISTRY TEACHING 


By Louis H. ABRAMOWITZ 
83 Barrett St., Brooklyn, New York 
A UNIT PLAN FOR THE STUDY OF THE HALOGENS 

An analysis of present practices and tendencies in the teach- 
ing of secondary school chemistry cannot help but reveal the 
lack of unification in the material presented. Facts and ideas 
are still largely taught and learned in isolation, and are not 
associated into meaningful understandings. It is the belief of 
many people, including the author, that with such methods of 
teaching the recognized objectives of chemistry cannot be at- 
tained. We shall approach the attainment of our objectives in 
proportion as we provide such learning experiences as can be 
associated in developing broad understandings which are neces- 
sary for the attainment of our objectives. 

The unit plan of study in Chemistry offers us a powerful 
method of attack in the development of broad concepts. Some 
interesting pioneer work along this line has been developed by 
Mr. G. Bruce of the Horace Mann School for Boys, New York 
City, whose unit of work on metals appeared in a recent edition 
of Science Education. So challenging and stimulating was this 
piece of work to the author that he has since been engaged in 
developing various units of work that can be useful in a class- 
room situation. 

The following unit of work on the halogens has been tried 
in a classroom situation and its success was so encouraging that 
it is herewith reproduced, together with some slight additions, 
which it is felt might be useful to some teachers who are in a 
more advantageous position than was the author. 


OUTLINE OF THE UNIT ON THE HALOGENS 

Concepts to be developed by the unit: 

I. The halogens represent a family of elements. 

(a) Arrangement of members according to increasing atomic weight. 

(b) Position in periodic table. 

(c) Electronic structure of halogens. . 

(d) Salt formers—in which they act as typical non-metals. 

II. Owing to their chemical similarity, the halogens with the exception 
of Fluorine, may all be prepared in a similar manner in the laboratory. 

(a) General method of preparing halogens. 

2NaX +2H.SO,+ Mnt Yo »>Xo+NaeSO,+ MnS¢ )s+2H.O in which X 
represents a typical halogen. 
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III. The physical properties of the halogens show progressive changes 
with increasing atomic weight. 

(a) State 
(b) Color 

(c) Odor 

(d) Boiling point 

(e) Solubility in water 

IV. The halogens possess certain chemical properties which make them 
of inestimable value of humanity. 

(a) They combine with metals, such as Na and K, to form salts which 
differ immensely in properties from either of the original substances. 

(b) The halogens vary in degree of chemical activity from very active 
to rather inactive as we go from lower atomic weight to higher atomic 
weight. 

(c) The more active halogens can replace the less active from ionic 
solutions of their salts. This replacement power depends upon the oxidiz- 
ing power of the replacing halogen and is used as a test for the various 
halides. 

V. The reducing power of the hydrogen halides increases with increas- 
ing atomic weight of the halogens. Recognition of this fact necessitates 
different methods of preparing the hydrogen halides. 

VI. Intensive study of the halogen family as a family enables us to 
make certain predictions concerning the properties of Eka-Iodine (Ele 
ment No. 85) and enables us to see the periodic table as one of the unify- 
ing principles of chemistry. 

VII. The commercial methods of preparing the halogens afford us an 
opportunity to see the difference between laboratory preparation on a 
small scale and industrial preparation, and to see what factors determine 
a commercial method of production. Production statistics also offer a 
basis for determining the importance of the product to our civilization. 


VIII. The halogens and their salts contribute greatly to our present 
civilization. 

(a) Relation of the halogens to the maintenance of personal and public 
health. 

(1) Chlorine and the water supply. 

(2) Iodine and goiter (thyroxin—its isolation and synthesis). 

(3) Bromine and use of bromides in medicine. 

(4) Fluorine and use of fluorides as insecticides. 

(b) Commercial or economic—industrial significance of the halogens. 

IX. Biographical notes in connection with a study of the halogens. 

(a) Scheele and his discovery of Cl, in 1774—his life, misfortunes, early 
death and his true scientific spirit. 

(b) Bertholet—who refused to patent his discovery of the bleaching 
action of chlorine on cotton goods. This may be used to develop the ideal 
scientific attitude and spirit. 

(c) Moissan and the isolation of fluorine, the most active element of all. 

(d) Kendall of Mayo Clinic and his isolation of thyroxin. This may be 
used to show growing relation of chemistry to medicine and to show how 
long, painful and detailed research work really is. 

(e) Barger and Harrington—synthesis of thyroxin from coal tar prod- 
ucts. Discuss the significance of such a synthesis and its value to civiliza- 
tion. 
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VALID OBJECTIVES OF CHEMISTRY THAT HAVE GUIDED THE SELECTION OF 
CONTENT MATERIAL FOR THIS UNIT 


1. Relation of chemistry to personal and public health. 

This is achieved through the study of the relation of the halogens to 
the maintenance of health. 

2. To give an appreciation of what the development of chemistry means 
in modern industrial and social life. 

This is achieved through study of production statistics and through a 
study of the important uses of the halogens. 

Production statistics serve to emphasize the industrial aspect of chem- 
istry and in themselves suggest the importance of the product to our 
civilization. 

To show the importance of research and to stimulate the spirit of 
investigation on the part of the student. 

This is realized through the study of the life of Scheele, and the re- 
searches of Kendall, Barger and Harrington on synthetic thyroxin. 

4. To develop such broad concepts as the Electron theory and its ap- 
plication and the periodic law as a unifying principle in chemistry. 

This is achieved through the study of the Electronic structure of the 
halogens, their position in the periodic table, the similarity of their chemi- 
cal properties, and the similarity of their Electronic structure. Also, by the 
exercise in ‘‘scientific’’ guessing about Element No. 85, the predictive value 
of the periodic table is well established. This exercise also serves to de- 
velop the scientific method of investigation, and shows how we can predict 
the properties of something not yet discovered. In my experience, the 
students were fascinated and spellbound by this exercise and I used it asa 
motivatfon for a historical treatment of the periodic table and the work 
of Mendelejeff, emphasizing how Mendelejeff predicted the properties of 
several elements, then unknown. 

5. The development of desirable moral and ethical traits. 

This is achieved through the study of the life of Scheele, emphasizing 
his persistence in face of misfortune, his true scientific spirit and zeal. Also, 
through the story of Bertholet, who refused to patent his discovery of the 
bleaching action of chlorine, and through the truly remarkable research of 
Kendall and Barger and Harrington on synthetic thyroxin. 


DEVELOPMENT OF THE UNIT 
I. The Halogens represent a chemical family 
Discuss the following: 
1. What is the chemical family? 
Arrange the members of the halogen family in order of increasing 
atomic weight. 


3. What is the position of this family in the periodic table? 
4. Electronic structure of the halogens: 


a. Fluorine 2-7 

b. Chlorine 2-8-7 

c. Bromine 2-8-18-7 

d. Iodine 2-8-18-18-7 


What do we notice about the last shell? Does this suggest anything? 
5. Salt formers—Name the salts of F; Cle Bre I. 


IT. Laboratory preparation of the halogens 


Preparation of chlorine—MnO, and HCl. 
Ask whether Br might be prepared by the action of MnQ, and HBr. 




















ne 
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Likewise for iodine. Now, ask how HC] is prepared, and this will lead to 
a possible preparation of Cl by the action of NaCl+H:SO,+ Mn0,. 

Demonstrate this method of preparing Cl. and show that it is also 
applicable to the preparation of Br, and I,. Ask why F: cannot be prepared 
in this manner. 

Generalize the preparation of a halogen as follows: 

2NaX + 2H,SO, + MnO,—X2 + Na2SO, + MnSO, + 2H,0. 

Discuss the function of the salt, the sulphuric acid and the MnO. * 

Could another oxidizing agent be used? 


III. The physical properties of the halogens show progressive changes 
with increasing atomic weight. (Jaffe: New 
Worlds of Chemistry, p. 122) 


The following chart will illustrate this point: 


Fluorine Chlorine Bromine lodine 
State Gas Gas Liquid Solid 
Color Yellow Greenish- Red Steel Grey 
yellow 

Odor Irritating Choking Suffocating _Irritating 
Boiling Point —187°C. — 34°C, 61°C. Over 200°C. 
Solubility in Decomposes_ Fairly soluble Less soluble Relatively in- 

water water than Cl soluble 


IV. Chemical properties of halogens 

1. Combine with metals, such as Na, K, Cu, Sb. These salts have dif- 
ferent properties from any of the parent substances. 

2. Vary in degree of chemical activity. e.g. Direct union with hydrogen. 

a. Fluorine explodes with hydrogen. 

b. Cl, explodes with H, if aided by sunlight. 

c. Hydrogen burns in Br, to form HBr. 

d. Iodine—Must be heated with iodine, and even then the action is 
incomplete. 

Action with metals 

a. Fluorine is most vigorous. 

b. Chlorine combines with evolution of much energy. 

c. Bromine—fairly vigorous. 

d. Iodine—not so vigorous, and must be heated strongly. 

3. More active halogen can replace the less active from ionic solutions 
of their salts. 

(a) Displacement of Br. and I; from KI and KBr by chlorine water. 

(b) Displacement of I, from KI by bromine water. Develop from this 
the tests for a bromide and for an iodide. Next test for a bromide and iodide 
using C,H;Br and C;H;I. Fxplain. Now, explain why we call it a test for 
the bromide ion and iodide ion. 

Explain the use of CCl, in extracting the replaced halogen. 

Mention the importance of the principle of extraction in organic chem- 
istry. Demonstrate also the starch-iodide test. 

Can we test for a chloride by displacement with fluorine water? Why 
not? Why is nitric acid used with AgNO;? Illustrate by reacting a phos- 
phate with AgNO;. Test CCl, for chloride. Explain. 

Explain the displacements ionically and as oxidation-reduction reac- 
tions. 

Cl. + 2Br-- »Bre + tt 
Cl al 2I-- +I, + 2Cl- 
Br. + 2I--I, + 2Br- 
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Emphasize that the commercial extraction of Br from sea water depends 
upon its displacement by chlorine. Likewise for iodine in France, where 
the following reaction is employed: 

2Nal + Chl, + 2NaCl. 

The students are thus led to see that industrial preparation follows the 

same chemical principles developed in the laboratory. 


V. The reducing power of the hydrogen halides increases with increasing 
atomic weight of the halogens. Recognition of this phenomenon neces- 
sitates different methods of preparing the hydrogen halides 

Demonstrate the preparation of HC] from NaCl and concentrated 
H.SO,. What is the function of each reactant? Discuss the reasons for 
using concentrated H.SO,. Emphasize this as a general method of prepar 
ing acids. [Salt of required acid plus concentrated H.SO,.] Now, try to 
prepare HBr by using NaBr and concentrated H,SO,. What is obtained? 
Equation. Explain as an oxidation-reduction reaction. 


2NaBr + 2H.SO,—Bre + SOs + NaoSO, + 2H,0. 


Try to prepare HI by action of Nal and concentrated H,SO,;. What is 
obtained? 
8Nal + S5HSO,—4I, + HS + 4NaSO, + 4H,0. 


Which is the better reducing agent, HI or HBr? Why? Does HC] ever 
act as a reducing agent? Where? (MnO.+HCI.) How are HI and HBr 
prepared? 

PBrs + 3H.O »~3HBr + H;POs; 
PI; + 3H.O-3HI + H;PO; 


How is hydrogen fluoride (H2F:) prepared? Why H2F2? Molecular weight 
determinations indicate that the hydrogen fluoride molecule is associated. 

Preparation—Equation CaF, + H.SO,—-HoeF»? fT CaSQO,. 

Hydrogen fluoride attacks glass and its water solution is kept in wax 
bottles. 


VI. An intensive study of the halogen family as a family enables us to make 
certain predictions about the properties of Eka-Iodine atomic 
No. 85 from its position in the periodic table 
An Exercise in “Scientific Guessing”’ 

We are going to theorize or hypothesize concerning the properties of 
an element which nobody has as yet discovered. We shall call this element 
‘“‘Eka-Iodine,”’ and its symbol shall be E. 

Referring to the table in III answer the following questions: 

Will it be a gas, liquid, or a solid? 
What will be its probable color? light or dark? 
How many electrons will there be in its last shell? 
What will be its electronic structure? 
Will it combine with Na and K? (Name hypothetical products 
formed.) 
6. Will its boiling point be over 200°C. ? 
7. Will its vapor have an odor? 
8. Will it be soluble in H,O? 
9. Will it be soluble in CS., CCL, CHCl,? 

10. Will it be displaced from a solution of its sodium salt by chlorine 
water, bromine water, and iodine water? Write equations for these hypo- 
thetical reactions. 

11. Will a solution of its ionic salt form a precipitate with AgNO; and 
HNO? 


U1 tm Wh 








~ 
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12. Will its molecule be monatomic or diatomic? 
13. Will its hydrogen compound be stable? 


VII. Commercial preparation of the halogens—production statistics 

How is chlorine prepared commercially? What precaution must be in 
its preparation? (Prevent the NaOH and Cl, from mixing.) 

Where do they get the NaCl from? How much Clk, is produced yearly? 
(About 300,000 tons in time of peace.) Is this a great deal? Does this 
figure suggest that Cl. must have many uses and be of great importance? 

How would you expect Br, to be prepared commercially, keeping in mind 
that Br. is very similar to Cl,? (Electrolysis of NaBr.) Why is it not pre- 
pared this way? Where are bromides found in nature? To what extent is 
Bre present in sea water? (1 oz. per 5 tons of sea water.) 

How much Br. is produced annually by extraction from sea water? (4 
million tons.) Upon what chemical reaction does the extraction of Bre 
from sea water depend? (2Br~-+Ch—Br.+2Cl-). 

Does the amount of Br. produced suggest anything about its importance 
and its uses? 

How is iodine prepared commercially? What are the sources of iodine 
in nature? Upon what chemical reaction studied in the laboratory does the 
extraction of iodine from seaweeds depend? 

2I- + Ch-I, + 2ClI-. 


How is fluorine prepared? Why is KF added to the H2F2? What precau- 
tions must be taken with regard to the nature of the electrodes in the 
preparation of fluorine? Why this precaution? 


VIII. The halogens and their salts contribute greatly to our present 
civilization 
(a) Relation of the halogens to the maintenance of personal and 
public health. 

1. Chlorine—in the water supply to kill typhoid germs. This alone saves 
about 20,000 lives in North America of people who would otherwise die of 
typhoid fever. 

2. NaClO—Dakin-Carrel solution—used to clean wounds due to its 
germicidal properties. 

3. Uses of bleaching powder, oxol, and clorox as disinfectants. 

4. Soluble fluorides are used as insecticides. 

5. Iodine—prevention of goiter. What is goiter? Relate the story of the 
prevalence of goiter in Switzerland. How do we get our necessary supply of 
iodine? What is iodized salt? What is cretinism? Bring in photographs of 
cretins found in Chemistry in Medicine. What is thyroxin? What is the 
significance of the work of Kendall and Barger and Harrington. 

6. KI is used in medicine to cause absorption of blood clots. 

7. Tincture of iodine—its value as an antiseptic and to reduce swelling. 

8. KBr—used as a sedative in medicine. 

9. Chlorine is used in the manufacture of chloroform. 

10. Iodine is used in the manufacture of iodoform. 


(b) Commercial or economic-industrial significance of the 
halogens and their salts. 
CHLORINE 
Production statistics—300,000 tons per year in peace time. What do 
they do with so much chlorine? Discuss the uses of chlorine in industry, 
mentioning its use in the manufacture of bleaching powder, which in turn 
is used to bleach cotton fibre. Upon what property does its bleaching ac- 
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tion depend? What actually does the bleaching? Why must the fibre be 
moist? Discuss use of Cl, in the manufacture of CCl, (pyrene fire extin- 
guisher and Carbona—the latter being used to remove stains from dresses). 
Mention also its use in the manufacture of SeCl,, which is used in the 
vulcanization of rubber. 

BROMINE 


Production statistics—4 million tons produced per year from sea water. 
Quote the following statistics—there is 1 oz. Bre in 5 tons of sea water. 
What is the price of Br.? What does this show about the efficiency of the 
process for extracting Br.? What do we do with so much Bre? What is 
anti-knock gasoline? What is the relation between Bre and anti-knock 
gasoline? Did Bre have many uses before the development of the gasoline 
industry? Mention the uses of Br. in the preparation of KBr for medicines, 
and AgBr which is used in the manufacture of photographic films and 
plates. 

IODINE 


Agl is used in coating photographic films and plates. Tincture of iodine 
is a common household necessity. 
FLUORINE 
H2F, is extensively used to etch glass. 
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MAKING PLASTER-OF-PARIS LEAF PRINTS 
By Paut V. BEcK 
Central High School, Tulsa, Oklahoma 


The usual method of making Plaster-of-Paris leaf prints is to place the 
leaf in the bottom of a mold and fill the mold with Plaster-of-Paris. After 
the material has dried, the mold is removed, the leaf is torn loose, and the 
print is left as a depression in the Plaster-of-Paris cast. This is then colored 
the natural color of the leaf. If, however, you wish to have the leaf print 
raised above the level of the cast like it would be if it were the true leaf, 
the following is much better. Use a good quality of modeling clay. Place 
the desired leaf on the clay and use a flat iron to smooth it carefully. Then 
remove the leaf. This leaves a very definite impression of the leaf in the 
modeling clay. Use a mold of the desired thickness and place it over the 
clay. Cut off the clay to just fit the mold. Pour the mold full of Plaster-of- 
Paris and let it dry. Remove the mold, and the leaf will be left raised on 
the surface of the cast. Color the leaf its natural color, and it is difficult 
to tell it from the true leaf. In fact, the usual inclination is to want to 
scratch it to see if it is the true leaf. Venation shows naturally and in great 
detail. This method of making leaf-prints was developed by Harold Rick 
ard as a special project in my Biology Class last year. 








THE IMPROVISED KYMOGRAPH WITH 
MUSCLE LEVER 


By JosepH M. SYNNERDAHL, AND SISTER MARY BERTHA 
St. Xavier College for Women, Chicago, Illinois 


Inasmuch as the exactness of physiological observations has 
been largely dependent upon the graphic method, the members 
of our teaching staff were recently impressed with the necessity 
of devising a kymograph to operate in conjunction with a 
muscle lever, both of which would be inexpensive and simple 
to construct, yet thoroughly reliable in their recordings. 





So we set to work unearthing obsolete pieces of apparatus 
which might be reclaimed for this new and useful purpose. We 
first salvaged an old table-model victrola from the college junk- 
room. The contained clockwork provided the rotating mecha- 
nism which could be timed and controlled by a screw-brake. On 
the rotating disc of the victrola, we mounted a large tin can 
to serve as the recording drum. Strips of sensitized paper were 
wrapped about this drum, and a two-kilogram weight was 
placed on top of it so as to produce enough inertia to steady the 
rotary motion of the drum. 
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Next we fashioned a muscle lever. An ordinary tripod stand 
was secured, and two screw clamps were attached to its upright 
at distances of one foot and two feet respectively, above the 
base. Through the top clamp holder was passed a cross-rod, 
which was held securely in place by a set-screw. The lever arm 
was contrived from an indicator previously used on our Coeffi- 
cient of Linear Expansion apparatus. A strong pin turned up at 
the end to prevent slipping-off of the pointer, and held in a 
horizontal position at right angles to it, made the lever arm free 
to swing about the pin as an axis. A writing-point was fastened 
to the free end of the arm, so that as the writing-point bears 
on the drum a curve showing the oscillatory motion of the lever 
arm is traced out on the sensitized paper of the kymograph. 

To complete the apparatus, we hooked up the primary coil 
of an inductorium with a dry-cell battery, to supply the neces 
sary electrical stimulation to the muscle which is introduced 


yn 


Fic. 1. Contraction of gastrocnemius by direct stimulus. 


Fic. 2. Contraction of gastrocnemius by indirect stimulus. 


into the circuit of the secondary coil. Varying degrees of voltage 
can be induced in the secondary coil by variations in the posi- 
tion of the secondary over the primary coil. 

To put the mechanism to practical application we decided to 
test and measure muscle contraction in the graphic way. To wit, 
we set about to determine the effect of strength of stimulus upon 
the degree of contraction in the gastrocnemius muscle of the 
common frog. In this experiment the muscle lever enables us 
to magnify the actual shortening of the muscle, and so we are 
able to detect differences indiscernible to the naked eye. After 
the muscle has been prepared, the femur bone with the muscle 
is attached to the cuff clamp on the top cross-rod. Then the 
tendon of the gastrocnemius is attached by a silk thread to the 
writing-lever. One of the stimulating wires is attached to the 
femur end of the muscle, and the other stimulating wire is at- 
tached to the movable tendon end by a short spiral of fine wire 








AN IMPROVISED KYMOGRAPH 731 


(to permit free motion). When the circuit is made, contraction 
in the muscle takes place very rapidly as shown by the steep 
sloping-up of the curve when traced out on the revolving drum, 
but when the circuit is broken readjustment in the length of the 
muscle ensues very gradually, as shown by a gentle tapering off 
in the slope of the curve until it reaches the horizontal. In this 
procedure, the muscle was excited by direct stimulus. 

If the second stimulating wire is attached to the sciatic nerve 
rather than to the tendon of the gastrocnemius, the muscle re- 
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Fic. 3. Effect of load on work done by a muscle maximum 
occurred with a load of 70 grams 


acts quite differently under this indirect stimulus. When the 
circuit is closed, contraction in the muscle takes place less 
rapidly than before, and through a smaller amplitude as well, 
and when the circuit is broken the muscle lengthens out to 
normal more abruptly and completely than in the previous ex- 
periment. 

The effect of load on the magnitude of contraction can also 
be determined by this method. That is, the working efficiency 
of a muscle is related to the amount of load which it moves, or 
the resistance overcome. When there is no load on the muscle, 
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its contraction does no mechanical work. With a measurable 
weight upon the muscle, mechanical work is done. The amount 
of work done can be computed by multiplying the weight by 
the effective vertical distance through which it is lifted. Since 
the muscle lever point making the tracing magnifies the lift of 
the weight in each case, the apparent height must be reduced 
by a simple proportion which connects the height of the curve 
to the actual lift. Namely—height of the tracing: long arm 
of the lever: X(actual lift): short arm of the lever. 

The load most favorable for doing work can also be de- 
termined. For example, if the frog gastrocnemius lifts 30 grams 
to a height of 8 mm. it does 240 gram-millimeters of work. If the 
muscle is made to give a series of single contractions, with 
different weights attached to it in each case, the gram-milli- 
meters of work done show a maximum at a certain optimum 
load. If the work done in each of such a series of single contrac- 
tions is plotted as ordinates against the respective loads as ab- 
scissas, a curve such as shown in Fig. 3 is obtained: In other 
words, the muscle, like man-made machinery, does its most 
efficient work when carrying a load neither too large nor too 
small. 

Thus we have been able to enter into a very interesting series 
of observations, equipped as we are with this simple apparatus 
which cost us less than ten dollars in all. 


WHAT OUR READERS SAY 


From a Professor of Chemistry of a great western university: 

I want to congratulate you for consistently maintaining the high quality 
and standards of ScHOOL SCIENCE AND MATHEMATICS during these diffi 
cult times. So many scientific journals have been unable to do this and I 
find myself turning more and more to your magazine for help in my work. 
It seems to me that you are now editing unquestionably the leading journal 
in our field of science education. 


From the Librarian of a large Chicago high school: 

May I say that ScHoot ScrENCE AND MATHEMATICS is and always has 
been a remarkably helpful, interesting and well written magazine. I have 
never been disappointed after ordering a book reviewed favorably in your 
pages; and though not a science teacher, nor particularly interested in 
mathematics, I have found the magazine of real personal interest. 


From a Missouri high school Teacher: 
I like the ScHoot ScIENCE AND MATHEMATICS very much. I get much 
helpful material from it and I aim to keep all the copies for future use. 








WEATHER 


A Presentation of a Series of Class Demonstrations in 
Connection With the Teaching of This 
Interesting Subject 


By J. Mortey NUTTING 
Collinwood High School, Cleveland, Ohio 


In his An Introduction to the Teaching of Science Dr. Elliot 
R. Downing states that “Teaching units... should be... 
study materials organized (1) to give such an understanding of 

. a principle ...of science... that its use will be insured 
when need arises; (2) to give conscious skill in the use of sci- 
entific thinking; (3) to establish . . . one of the important emo- 
tionalized standards.’’! Weather is a particularly apt portion of 
science material to present in this way, particularly in relation 
to criteria one and two. 

Our definite problem may be stated thus: to interpret weather 
and weather forecasting so that the individual may be able to 
make reasoned use of the various items in the meteorological 
reports and other published data in the newspapers in plan- 
ning his activities. This is a practical problem. The weather is 
the most discussed problem in the talk of man. But few under- 
stand the rudiments of weather science enough to use the daily 
government services in their own activities. Our problem is to 
enable them to do so. 

Our outstanding scientific principle which we will adhere to 
throughout the discussion may be stated thus: “most com- 
monly observed weather phenomena are directly connected 
with, if not caused by, the operation of a simple convection 
current.’ As we proceed we will find that this connection is so 
close as to strongly suggest a causal relationship. 

Let the pupils refer to their texts or better still to the daily 
meteorological report in the papers. They will find that five 
items are mentioned as the basis for the factual data in weather, 
namely, barometer reading, wind, temperature, precipitation 
and humidity (with condition of sky). These, then, are the 
common phenomena in terms of which weather is described. In 
conformity let us use these same phenomena in the attack on 
our problem. 


1 Above reference page 102. Ed. 1934. 
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First let us examine a simple convection current in its relation 
to each of these five items. We will agree that a convection cur- 
rent is a circulation set up in a fluid by heating the fluid from 
below. Immediately, then, we see a causal relationship existing 
between the current and the temperature. To test this, how- 
ever, for class demonstration set up the convection cylinder?’ 
over a low heat electric toaster and secure the thermometer 
readings (careful) at its base and summit. The base reading 
proves the higher and shows the heating. The upper reading 
shows that the higher strata of current are cooler than the 
lower. Holding the thermometer away from the cylinder at the 
same elevations gives about the same readings at both heights. 
Thus the area used presents at least three different temperatures 
in as many different places, highest over the heater, lower over 
the cylinder and lowest to the side of the cylinder. 

To test the current in relation to the barometric pressure we 
can use the home made indicator at the left in Fig. 1. It con- 
sists of a light weight lever with a flat disc on one end and a 
pointer on the other pivoted on a support, carrying a scale, so 
that it is finely balanced. The disc is set over the convection 
cylinder. If heated air, coming through the cylinder, is lighter 
it will cause the disc to rise and the pointer to fall. If it is heavier 
the reverse action will obtain. Since experiment shows that the 
disc rises we know that the air rises and therefore is lighter.* 
A barometer would read less over the center of such a current at 
any altitude than on either side at the same altitude. 

The lazy twirling of the common paper spiral hung over the 
top of the cylinder as shown in Fig. 1 demonstrates the presence 
of the vertical wind in a different manner. This may also be 
done with an anemometer of the type that is used in testing the 
ventilating system of buildings. If the latter is available test 
the air drift in regions around the cylinder in different eleva- 
tions and account for the results obtained. A beaker of boiling 
water into which has been placed a few grains of sawdust will 
help demonstrate the accurate idea of these air currents. 

Now we have gone far enough in our demonstrations so that 
it will help us to make a chart on which to record these and 
"= This device is shown as the central part of the demonstrations in several photographs following 
It is made in the home workshop by soldering four cans together, cutting the top and bottom cans into 
flaring strips and mounting on wire legs. It is intended to visualize the central portion of a convection 
current in any open (unenclosed) fluid such as the atmosphere 

3 It is suggested that the actual aneroid barometer be introduced here though I have not had sufh- 


ciently noticeable results to render its class room use valuable as a visual demonstration. Hence the 
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future observations. A heavy vertical arrow in the center of a 
fairly large sheet of paper represents the vertical air current we 
have found in the center of the convection cylinder. Above this 
and pointing outward we place two arrows, one on either side. 
From these two more pointing downward to the bottom of the 
paper and then two more pointing towards the center of the 
paper. These arrows represent the air drift we have observed. 
Upon this air-current chart (which really shows winds) we 
can indicate changes in the other factors of weather mentioned 
above by using a + sign to represent an increase, such as rising, 
greater, larger amount, etc. and a — sign to represent decrease, 
such as less, smaller amount, falling, etc. Referring to our 
demonstrations we will place a + sign for temperature and a 
— sign for barometer pressure at the bottom of the central 
vertical arrow. At the top of this arrow we will place a—sign 
for both temperature and pressure, because both are less than 
they were at the bottom of the cylinder. Similarly indicate the 
temperature and pressure at the sides of the chart and add other 
data as we proceed with our problem. 

Thus far we have seen that changes in the temperature, air 
pressure and wind accompany a convection current in the labora- 
tory. Let us now examine humidity and precipitation. Set up 
the apparatus as for the preceding demonstrations but place a 
shallow pan of hot water over the toaster. Allow it to heat until 
near the boiling point or a condition of rapid evaporation exists.* 
Have ready a psychrometer (sling hygrometer) and hold it as 
shown in I in Fig. 2 until the readings of the two thermometers 
are fairly constant. Now swing or vibrate the instrument over 
the pan and below the cylinder at a uniform rate (about 120 
per min. is satisfactory) until the thermometer readings are 
again constant. From the readings determine the relative 
humidity, using the tables prepared for that purpose.® A fair 
reading is 65% to 80%. Similarly we will secure the relative 
humidity of the air at the top of the cylinder. To provide a 
little variety a Mason’s hygrometer may be used here and 
should show a reading of 95% to 100% relative humidity. 

We have shown, therefore, and can indicate on our chart the 


4 The purpose of this is three fold. (1) To provide a humidity that will approximate saturation at 
the temperature at the top of the cylinder. (2) To simulate the drying effects of warm winds in weather. 
(3) Toprevent working with temperatures so high as to endanger the thermometers of the psychrom- 
eter. 
5 In case the dry bulb reading is too high for the available tables it will be necessary to secure the 
relative humidity by working through the dew point and the vapor pressure of the moisture in the air. 
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Fic. 4. Precipi- 
tation. 









Fic. 6. Effect 
of Rotation on 
Current Vanes. 





Fic. 7%. 1. 
“Drag” Effect 
on Limewater; 
II. ‘““Drag’”’ Ef- 
fect on Weight- 
ed Springs; ITI. 
“Drag” Analy- 
sis. 








738 SCHOOL SCIENCE AND MATHEMATICS 


facts that the relative humidity at the bottom of the vertical 
air currents is low (—) and at the top of these currents is higher 
(+). The chart now shows four of the five principal items used 
in discussions of weather and appears as shown in Fig. 3. 

Our last item, precipitation, requires no instruments to make 
it visible. Set up the apparatus as shown in Fig. 4 with a good 
freezing mixture in the upper pan so that the temperature is 
well below 0°C. If the relative humidity at the top of the con- 
vection cylinder was not above 95% in the preceding demon- 
stration increase the evaporation rate in the water pan until 
such a reading is obtained. Let the apparatus function for a 
time and drops of ‘‘rain’”’ will fall from the underside of the pan 
and “clouds”’ will gather and pass up around the freezing mix- 
ture. This strikingly shows that precipitation occurs when 
humid air strikes cold objects or air currents.® 

Thus we have seen that all of the five items used in weather 
discussions can be related to a convection current in the 
laboratory. We have seen that the current itself is caused by the 
temperature rise. Heating the air caused a lowered barometric 
pressure and vertical winds. These winds absorbed more 
moisture and so brought about a lowered relative humidity. 
Thus it appears to be true that in the laboratory there is a 
causal relationship between the temperature changes and the 
other items considered in the discussion of weather. 

We may now turn to the discussion of observed weather. 
During the time we have been doing the preceding work we 
have been clipping the meteorological reports from the papers 
and now have a supply of such reports for consecutive days. 
Secure enough additional data from back papers in the library 
to enable us to tabulate the data from them for a month or so 
and construct a graph, from these data, similar to that in Fig. 
5, showing temperature, air pressure and humidity variations 
for the period. 

Does the behavior of these factors correspond with the be- 
havior of these same factors in our demonstrations? In our 
chart does the temperature, day by day, go down when the 
barometer goes up and up when the barometer goes down? 
Some exceptions occur but in general it does. Follow the daily 
weather as you experience it. Does warm weather precede a 
stormy spell or a clear spell? Does cold weather accompany a 

6 An interesting variation is to substitute dry ice for the freezing mixture. The volatilizing carbon 


dioxide helps the cloud effects very nicely. 
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storm or clear weather? Return to the chart. Does the humidity 
go down when the barometer falls, neglecting the times when 
the evaporization of precipitation has caused a very high 
humidity? And does humidity go up with the barometer? Do 
times of precipitation occur when the barometer reading is low 
or high? Experience tells us that showers occur in warm cloudy 
periods rather than in cold clear periods of weather. Thus, in 
general, all of our observations seem to agree with the results 
of our laboratory experiments and demonstrations. We may 
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Fic. 5. Daily Weather Observations at Noon. (Except precipitation 
at 8 p.m.) From Cleveland Plain Dealer. 
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conclude that the laboratory conditions of a convection current 
must prevail, in part at least, in the natural weather conditions. 
Referring to the meteorological reports we observe one ‘“‘fly 
in the ointment.” In our demonstrations our winds were con- 
sidered horizontal and vertical flowing into the convection 
cylinder perpendicular to its surface. In the reports winds are 
often described as S.W., S.E., N.E., N.W. etc. instead of N., S., 
E. or W. even when the low pressure area is at hand. The ex- 
planation of this fact leads us to further demonstration. 
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Suppose the convection cylinder with vanes attached, Fig. 3, 
were made to rotate, suddenly, about its vertical axis. The outer 
edges of the flexible cardboard vanes would not start as soon 
as the rigid metal parts. This would cause the vanes to become 
curved somewhat as shown in Fig. 6. Fig. 7, II shows this same 
reaction with weighted springs on a rotator. If the wheel of the 
rotator (when set horizontally) is jerked all four of the weights 
will be seen to lag behind the attached spring ends at the center. 
(Compare the positions of the weighted springs on the right 
side of the figure with the stationary wires fastened at their 
bases.) 

To be sure there is no jerk to the low pressure areas on the 
earth but the earth is rapidly spinning eastward on its axis. 
The linear motion of this spin is greater in the low latitudes and 
diminishes poleward. Air currents flowing north and south are 
thrown out of their true direction into the N.E. and S.W. direc- 
tions. Over large areas the amount of this deflection would vary 
according to the latitude and so produce a circular blowing 
wind. It may be called an inertia drag of the fluid atmosphere 
similar to the drag of the weights on the springs. 

Two further demonstrations help to bring this out. They are 
shown in Fig. 7, I and III. Let us hold the globe with its axis 
perpendicular and pour limewater on the north pole while the 
globe is rotating. The limewater does not flow to the equator 
along meridians but rather takes the paths shown in the figure, 
a direct illustration of this drag effect. 

Let us take a small portion of this limewater line and try to 
analyze its production. We suspend a light weight stick in 
front of a suspended board so that the board is free to swing. 
From the pivot we hang a weighted thread or string which 
represents the chalk line on the globe. We fasten two long paper 
arrows to the string, pointing together, representing the hori- 
zontal air currents flowing into the convection cylinder. Loosely 
attach the string to the stick by wire loops at the bottom ends 
of the arrows and to the board at the top ends, S. and N. re- 
spectively. The chalk line on the globe is the resultant of three 
forces: inertia, represented by the stick, tending to hold the 
limewater back; rotation, represented by the board, tending to 
pull the limewater around with the globe; and gravity, repre- 
sented by the weight, tending to pull all the water down. Hold 
the stick still. Move the board to the right about its pivot and 
allow the string to take its course. We see the result in Fig. 7, 
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III. The winds change to a N.E. and S.W. direction from the 
vertical, showing again in greater detail the drag which changes 
the motion of the winds to the circular direction and causes 
them to be called cyclonic winds. And so wind directions may 
be lined up with the simple convection-current operation by 
remembering that we are working, not with a stationary table, 
but with a rapidly rotating globe carrying a fluid atmosphere. 

Up to this point we have been considering local conditions. 
Let us turn now to the consideration, briefly, of planetary con- 
ditions. The wind belts of the earth are shown in Fig. 8, with 
their respective vertical sections shown around the outer regions 





Fic. 8. Planetary Winds. Lower winds =solid lines. 
Upper winds = dotted lines. 


of the circle. At*the equator (which we must think of as the 
heat equator and not the terrestrial equator) is the Belt of 
Calms. This is the region which gets the vertical rays of the 
sun at all times of the year and so is most strongly heated. The 
heat radiates and causes the air motion in this region to be 
vertical. High up these currents spread out North and South 
to form the Antitrade winds. These proceed to the Horse Lati- 
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tudes where a readjustment takes place due to the relative heat- 
ing of the south bound high winds and the cooling of the north 
bound high winds. Part of the Antitrade currents swing down 
to the Trade winds uniting with the settled south bound high 
winds of the north. These various movements make up a gen- 
eral movement corresponding to the convection current except 
in the polar regions where the centrifugal force of the whirl 
interferes. 

Refer again to the diagram of the wind belts and compare the 
directions taken by these winds with the directions taken by 
the limewater on the globe. The two are so near alike as to 
convey the immediate impression that they are the result of the 
operation of the same cause, namely, the drag of the winds on 
the rotating globe. The Prevailing Westerlies swing from the 
south west to the north east. This coincides with the general 
trend of cyclonic storms across America and suggests that the 
Prevailing Westerlies catch up the local cyclonic areas, like 
eddies on a powerful current, and carry them along with them 
to the north east. This makes possible the fairly accurate pre- 
diction of weather. 

Except in the polar regions the barometer follows this same 
trend being low in the Belt of Calms and high in the Horse 
Latitudes. The planetary rain belts lie in the equatorial region 
of low pressure and vertical air currents. In polar regions the 
centrifugal whirl seems to cause a lowered barometer. 

All common special conditions such as land and sea breezes, 
monsoons, chinooks, pampas, etc., can also be related to the 
same general set of conditions as those we have studied, namely, 
warming a moist area under a fluid air on a rotating sphere and 
allowing the progressive conditions to take their course. Thus 
we may safely state our conclusion that ‘“‘all commonly observed 
weather phenomena are the result of the operation of a simple 
convection current.” 

And how is this knowledge of practical value? We wish to plan 
a party, pack some perishable products for shipment, take a 
trip, etc., involving the need of definite knowledge of future 
weather conditions. Simply ‘“‘look westward, my boy,”’ read the 
weather conditions just west of your home a day’s run, apply 
the principle we have developed, correct it according to the re- 
quirements of known local conditions (such as lakes, moun- 
tains, etc.), and the probable weather for your needs can be 
known. 




















THE “DUOQMAL” SYSTEM OF NUMERATION 
AND COMPUTATION* 


By WILLIAM E. BLock, 


Apprentice Teacher, Lake View High School, 
Chicago, Illinois 


The lack of ability of the masses to correlate number con- 
cepts with ordinary arithmetical notation and operations, and to 
use and understand arithmetic in everyday number situations 
is indicative of the failure of the denary scale and notation 
(the system whose base or radix is 10; the common decimal 
system) to function. The abstract nature of the symbols and 
the complicated manipulative skills needed to use the symbols 
in fundamental operations of reckoning is the main cause of 
difficulty and inability in arithmetic and subsequent mathe- 
matical situations. In the present denary (decimal) system one 
has to associate the correct response to the ten nonsense figures: 
8,1,7,5,6,2,9,4,0,3. Much labor and practice is necessary to re- 
solve these symbols and their combinations into proper relation- 
ships. The fundamental operations require the manipulation of 
ten symbols. One must learn or memorize 45 addition and 45 
multiplication facts to add and multiply combinations of these 
symbols. Division is complicated. Square root is seldom learned. 

Advocates of change from one system to another usually cite 
a few benefits to be derived without carefully detailing, com- 
paring, and evaluating the advantages of and the disadvantages 
of the existent, the desired, and other systems of numeration. 
For a truly effective, useful, and meaningful reorganization of 
arithmetic there must be studied, selected, introduced, and 
adopted a number system 

(1) the symbols of which are easy to make and read, and 

pictorially indicate the quantities enumerated; 

(2) the fundamental operations of which are readily under- 

stood and easily performed; and 

(3) the use of which is satisfactory in everyday, commercial, 

mathematical, and scientific quantitative situations. 


The number of abstract symbols sufficient to construct a 
number system is two, a unit and a zero as in the binary system. 
Two symbols which pictorially indicate the quantities enumer- 

* Presented to the Men’s Mathematics Club of Chicago and Metropolitan Area on April 17, 1936. 


743 








744 SCHOOL SCIENCE AND MATHEMATICS 


ated, are easy to make, and are readily distinguishable are the 
unit “1,” suggestive of a measuring unit, and the zero “0,” 
suggestive of completeness or nothingness. More symbols in a 
number system are superfluous. The ratios of the number of 
digits needed to write a number are approximately inversely 
proportional to the logarithms of the radixes. The ratio averages 
three to one between the binary and the octonary systems, and 
ten to nine between the octonary and the denary systems. The 
number of addition or multiplication facts is equal to one half 
the radix multiplied by one less than the radix:}(radix) 
(radix—1). In the binary system addition and multiplication 
require no memorization of tables. The tables enlarge rapidly 
with an increased radix. The following table gives a primary 




















TABLE I 
: : Octo- Den- Duo- 
Binary | Senary nary ary | denary 
(A) No. of symbols or radix} 2 6 8 10 12 
(B) Ratios of digits to ex- 
press a number 3.33 1.29 1.11 1.00 | 0.93 
(C) No. of fundamental ad 
dition facts ! 15 28 45 66 
(D) No. of fundamental 
multiplication facts 1 15 28 45 66 








comparison of several advocated systems. This comparison and 
contrast indicates that for computational purposes the binary 
system is outstandingly desirable, and that for notational pur- 
poses the octonary has sufficient symbols. A number system 
which combines the entirely simplified computational processes 
of the binary system with the notational advantages of the 
octenary system promises to be a desirable one. The “‘duomal”’ 
system is such a system. 
THE DUOMAL SYSTEM 


bh) 


The duomal system requires only two symbols: the unit “1 
and the zero ‘‘0.”’ The digits in increasing consecutive order are 
001, 010, 011, 100, 101, 110, and 111. The respective word 
names are one, two, three, four, five, six, and seven. Each digit 
in a notational integer is separated by a comma. Positional 
nomenclature is the same as in the decimal system. For ex- 
ample: 010, 110, 111 is named two-hundred sixty-seven. The 
unit ‘‘1”’ and zero “‘0”’ coefficients in successive order of a num- 
ber expressed as a sum of descending consecutive integral 
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powers of two is the duomal equivalent of a denary number and 
conversely. Example: 183=0X 28+ 1X 27+0 2°+ 1X 2°+1 24 
+0X 28+ 1X 2?+1X 2!'+-1X 2°; 183~010, 110, 111. To write 
a number in the duomal system requires on the average 3.33 
times as many symbols (cf. Table I, (B)) and about the same 
(1.11 times as many) number of digits as the denary system. 

| Inasmuch as there are only two symbols, “‘1”’ and “‘0,”’ in the 

duomal system, the sum, difference, product, quotient, and 
square root of numbers will be some expression of these two 


ILLUSTRATIVE EXAMPLES 
Addition 
Duomal Decimal 
11 ,011,100,011 99 099 900 ,099 
10,001 ,111,001 10,009 ,111,001 
1,111,000,001 1,991 ,000 ,001 
111,100,011,101 111,100,011,101 
Subtraction 
Duomal Decimal 
11,100,011 .001 11,100,011 001 
1,111,100,111 9 999 900.991 
1,100,110,010 1,100,110,010 
Duomal Multiplication 
1110011 
11001 


1110011 
1110011 
1110011 


101,100,111,011 





Duomal Division 
10101 .01101 


101,011 1110011001 .00101 


Duomal Square root 
11110.010 4 


/ 1110011001 . 00101000 


101011 | | 
111010 1010 
101011 101} 101 
111101 10101 
101011 1101 | 1101 
1001000 100010 
101011 11101 11101 
111011 101010010 
101011 11110001 11110001 
1000001 11000011000 
101011 1111001001 | 1111001001 
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symbols. The fundamentals of place value, 9+1=10, 99+1 


= 100, 999 +1=1,000, - - - , in the decimal system are the same 
as the fundamentals of place value, 1+1=10, 11+1= 100, 
111+1=1,000, --- , in the duomal system. Addition of two or 


more numbers in the duomal system requires no other computa- 
tional ability. The inverse, subtraction, 10—1=9, 100—1=99, 
1,000—1=999, .--, in the denary system is the same as the 
inverse, subtraction, 10—1=1, 100—1=11, 1,000—1=111, 

-, in the duomal system. Subtraction in the duomal system 
requires no other computational ability. Multiplication tables, 
as in a pure binary system, do not exist. Anumber multiplied by 
“1” is the number itself, and a number multiplied by “‘0”’ is ‘‘0”’ 
are the only multiplication facts. Multiplication is truly re- 
peated addition. The inverse, division, is equally as simple. In 
division, if the number divided is less than the divisor, a ‘‘0”’ is 
placed in the quotient, if larger, a “‘1”’ is placed in the quotient. 
Square root, like division, involves merely the choice of a ‘‘0”’ 
wa"h.” 

Industrial and everyday quantitative needs require a unified 
arithmetic compatible with the multifarious primitive units of 
measure. The duomal system can be easily and readily intro- 
duced since it is consistent with many fundamental elemental 
measurements and similar to the present method of notation 
and computation. The duomal system simplifies numeration 
and computation in many everyday and commercial systems of 
weights and measures. In dry measure the units are based on 
powers of 2. In the duomal system all that is necessary to figure 
the cost per pint, quart, gallon, peck, bushel, or quarter when 
the cost per pint, quart, gallon, peck, bushel, or quarter is 
given is to move the decimal point. In liquid measure the units 
are also based on powers of 2 except that 31} gallons instead 
of 32 gallons equal 1 barrel. Wood measures, apothecaries’ 
measures and diamond weight units are all based primarily on 
powers of 2. Mere shifting of a decimal point accomplishes the 
important division and multiplication by integral powers of two. 
The duomal system requires only the simplest denary operations 
to perform the most difficult calculations. Scientifically and 
mathematically, the easiest and simplest is the best. The 
duomal system is the easiest and the simplest. 


When you change address be sure to notify Business Manager 
W. F. Roecker, 3319 N. 14th Street, Milwaukee, Wis. 


























MEASURABLE OBJECTIVES FOR GENERAL 
COLLEGE CHEMISTRY’ 


By B. Ciirrorp HEeNpricks, The University of Nebraska 
AND O. M. Situ, Oklahoma A. and M. College 
{[Eprror’s Nore.—The following paper (and several others by the same 
authors) show that the Committee on Examinations (headed by Dr. 
Smith) of the Division of Chemical Education of the American Chemical 
Society has been doing some hard work and harder thinking in the matter 
of the preparation of better tests in the field of general chemistry for 
colleges. May we appeal to those of our readers who are teachers of general 
chemistry in colleges to sit up and take notice and coéperate with this 
committee in every way possible to help them to construct better objective 
tests. While some teachers may not value such tests as measuring sticks all 
can use them as teaching instruments. The student needs to measure his 
achievement from time to time even more than his teacher needs to. 

F. B. W] 

Setting up objectives for teaching college chemistry has been 
one of the projects frequently attempted by curriculum com- 
mittees of teachers organizations. A very common procedure 
has been for the committee to formulate all possible objectives 
for the course and then submit them to teachers in service for 
criticism, rejection, or approval. 

Such a recent survey” which received help from practically 
200 teachers of college chemistry gave, seventy-five per cent or 
better, approval to the following objectives for general college 
chemistry: 

1. A broad and genuine appreciation and understanding of 
the world in which we live 

The acquisition of: 

2. Knowledge of natural laws 

3. Knowledge of the significance of cause and effect 

4. Ability to draw generalizations from specific experimental 
data 

Training in: 

5. The scientific method of thinking 

6. Ability to apply important principles of chemistry. 

While the aims for general college chemistry enumerated 
above have a majority vote of the teachers canvassed, that 
does not necessarily mean that those teachers would place 


1 Presented before Sec. C, A.A.A.S., St. Louis, Mo., Jan. 2, 1936 
? Smith, O. M., “Accepted Objectives in Teaching of General College Chemistry,” J. Chem. Educ 


12, 180-183 (April, 1935) 
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equal stress upon all of them. In a general way those teachers 
mean to say that they desire their students, at the end of the 
course, to exhibit the qualities described by those objectives. 
Yet they probably would not agree as to what constitutes suc- 
cessful achievement of such aims. In fact, many teachers have 
lost patience with ‘objective formulators” because they say 
the objectives formulated are too nebulous; that there is too 
much opportunity for disagreement as to their meaning. It is 
so easy to talk in general terms and so embarrassing, at times, 
to be required to be definite. 

Many of us, who are impressed by the value of the examina- 
tion as a teaching tool, find that it is necessary to restate the ob- 
jectives “‘in such clear and definite terms that they can serve as 
guides in making examination questions.’’* Such objectives we 
consider ‘‘measurable objectives for college chemistry.” 

With such a purpose in mind the above objectives may prove 
more useful for teachers if they are restated in more definite 
terms. 

The first objective—a broad and genuine appreciation and un- 
derstanding of the world in which we live—is too general. It con- 
tains two ideas; first, an appreciation and second, an understand- 
ing of chemistry as that science deals with the affairs of men 
and man’s environment. The first of these may be restated thus: 
An appreciation by the student and lay reader of the signifi- 
cance of chemical knowledge in relation to man’s physical, 
social, economic, and political life. For the second, why not say; 
the ability to use chemical knowledge to explain and predict 
physical and chemical phenomena? 

The second objective. The natural laws in which the chemist is 
interested are those natural laws that have to do with the 
principles of chemistry. 

Third objective. The significance of cause and effect, is no 
more than the principle of causal relations. If chemists will 
accept it as a chemical principle objectives number two and 
three above, may be included under the caption “Principles of 
Chemistry.”’ 

The most characteristic quality of scientific thinking is con- 
sidered, by some, to be its verification; that its conclusions 
which are drawn from primary facts may be tested. Chemistry, 
with other sciences, has a unique advantage over the humanities 


§ Tyler, Ralph W., “Formulating Objectives for Tests.”” Ohio Educ. Research Bul., 12, 199 (Oct. 
1935). 
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in the ease with which this aspect of scientific thinking may be 
demonstrated. In order to make the most of the advantage it is 
suggested that in the measurement of the acquisition of this 
ability to do scientific thinking there should be two objectives: 
First, ability to make generalizations from acquired data, and 
second, ability to formulate and carry out procedures for testing 
the correctness and reliability of such generalizations. 

Two other objectives which were taken for granted in the 
survey mentioned, and to which all chemistry teachers would 
undoubtedly agree are: The acquisition of the ability to use 
intelligently the simple symbols, formulas, and terms of chem- 
istry and the ability to express chemical reactions and energy 
changes by means of them. 

Another objective which received only sixty-four per cent 
approval in the survey but which is considered, nevertheless, 
one of the distinguishing traits of science in contrast with the 
humanities is “‘the acquisition of skill in the manipulation of 
simple laboratory equipment.”’ 

The restated objectives, from the aforementioned survey, in 
terms which make them more nearly measurable, are: 

1. An appreciation of the relationship of chemical knowledge 
to man’s physical, social, and economic life. 

2. A knowledge of basic chemical facts, laws, principles, and 
theories. 

3. The ability to use the vocabulary, symbols, and formulas 
of chemistry. 

4. The ability to apply the facts, laws, and theories of 
chemistry. 

5. The ability to form generalization or to set up hypotheses 
from experimental data. 

6. The ability to formulate procedures for testing the reli- 
ability of generalizations. 

7. The ability to manipulate simple chemical laboratory 
equipment. 

If we assume that the teachers who favored the aims as orig- 
inally stated will accept the above statements, then it would 
follow that those teachers consciously seek to lead their students 
to have the appreciations, abilities, and acquisitions stated. 

Do teachers of college chemistry look for these characteristics 
in their students at the end of the first year’s course? In an 
effort to answer this question the examination questions for 
general chemistry from 42 different colleges and universities 
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were analyzed. In some institutions where several instructors 
were handling sections of the course several sets of questions 
were submitted. 

In the following table a total of 57 different sets of first 
semester examinations questions were inventoried.‘ 
Median per cent 
of questions con- 
taining this aim 


Per cent of tests 


Objective iS at 
yectrve using this aim 


Symbols, and formulas but not 


equations 50 + 10 
Terms, definitions 80 + 15 
Calls for facts 100 70 
Statement of laws and principles 75 10 
Application of laws and principles 95 + 40 
Drawing conclusions from data 54 10 


If these fifty-seven sets of questions are representative it 
would appear that the call for evidence for the achievement of 
objective number two is dominant. The fourth objective is sec- 
ond in frequency of use by teachers and its reoccurrence in any 
given examination. The demand for definitions of terms comes 
third with the request for statement of laws and principles in 
the fourth place. A question which calls for ability to draw con- 
clusions from data is of very infrequent occurrence. There are 
no questions intended to determine ability to formulate plans 
for testing hypotheses or to determine an appreciation of chem- 
istry’s part in world affairs. It should also be mentioned that 
current examinations make no separation of requirements for 
the different objectives. The final rating in every case is a com- 
posite of all requirements. It would seem then that present prac- 
tice in the teaching of college chemistry does not consider all 
objectives of college chemistry as measurable. 

There are, no doubt, some teachers who will stoutly contend 
that if the student knows his facts, his principles and his vocabu- 
lary, then it may be assumed that he can apply the principles, 
draw conclusions, and formulate procedures for experimenta- 
tion. While correlations between the achievements for different 
objectives for college chemistry have not been determined, such 
correlations have been found for the same types of objectives 
for biology. In order to learn if ability to recall information also 
indicates ability to apply biological principles, specific tests for 
each objective were given a sufficiently large number of stu- 
dents, each student taking both tests. The results of these tests 

« Ninety-five per cent of all examinations inspected either used or called for equations and the me- 


dian per cent of the questions making such a requirement was 50 
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were correlated by use of the proper mathematical formula and 
the result was 0.40 against 1.00 for a perfect correlation. When 
results of tests for information were correlated in a similar man- 
ner with results from tests of ability to interpret experiments, 
the result was .41 and a third correlation between results from a 
test for information with those from a test on ability to formu- 
late experiments to test conclusions gave a value .46.° These low 
values would certainly not justify the suggested assumption 
offered in the first of this paragraph. Further, this means that if 
objectives are measurable there must be set up a definite test for 
each objective. 

It is to this task that the Committee on Examinations and 
Tests of the Division of Chemical Education of the American 
Chemical Society is addressing itself. Thanks to the assistance 
of many teachers of college chemistry, provisional forms for 
testing some of the objectives have been constructed. There are 
now available provisional practical forms for testing: Terminol- 
ogy or technical vocabulary, symbolism including valence, for- 
mulas, equations, and arithmetic of chemistry, facts and 
processes of chemistry, ability to apply principles,® and ability 
to interpret experimental data.’ Experimental work is underway 
in an attempt to provide an objective method of measuring 
laboratory skills.*® 

Objectives on which no satisfactory and acceptable tests are 
available and on which tests may be desired are: The apprecia- 
tion of the relationship of chemical principles to man’s physical, 
social, and economic life; the ability to formulate procedures for 
testing the reliability of conclusions; and the ability to manipu- 
late the simple chemical laboratory equipment. Are these objec- 
tives of such importance as to justify work in building tests for 
their measurement? 

Comments made by teachers of general college chemistry in- 
dicate that there are objectives of chemistry which they would 
favor if they knew of any way to ascertain if such objectives 
had been realized. In other words, enlarged objectives of gen- 
eral college chemistry wait upon progress in building acceptable 


5 Tyler, Ralph W., “Measuring Results of College Instruction.” Ohio Educ. Research Bul. 11, 256 
(May, 1932) 

* Hendricks, B. Clifford, Tyler, R. W., and Frutchey, F. P., “Testing Ability to Apply Chemical 
Principles.” J. Chem. Educ. 11, 611-613 (Nov. 1934). 

7 Frutchey, F, P., Tyler, R. W., and Hendricks, B. Clifford, ‘Measuring Ability to Interpret Ex 
perimental Data.” J. Chem. Educ. 13, 62-64 (Feb. 1936) 

® Smith, O. M. and others, “Tests for Measurement of Laboratory Achievement.” Unpublished 





manuscript. 
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test forms. The authors believe with Galileo that to know any 
entity with certainty it must be measured: That the same prin- 
ciple applies to the objectives for the teaching of general college 
chemistry. That if we are to get away from vague mouthings 
about aims we shall have to do as Lavoisier did with the phlo- 
giston theory, execute them upon the altar of measurement. 
They believe that in the preparation and the trial of instruments 
for such purposes teachers are contributing in a most practical 
manner to the improvement of the teaching of chemistry. 


A PARALLACTIC ILLUSION 


By H. LYNN BLoxom 
High School, Ft. Dodge, Iowa 


An interesting experiment in paralax can be performed easily 
with little preparation and the experimenter may gain some 
knowledge as to how he is able to judge the distance and shape 
of objects with his two eyes. 

When looking downward and obliquely at some tall object 
about the size of a dry-cell, small bottle, or vase, two images 
are recorded—one in the right eye and another in the left 
that cannot at one time be made to coincide in all parts. The 
image in the left eye is similar to Fig. 1. Fig. 2 illustrates what 
the right eye sees. 

If both eyes are focused on the top of a cylinder, a composite 
image is registered in the brain as illustrated in Fig. 3, but 
when focused on the bottom, the image is more like Fig. 4. 
Now if a black piece of paper that has a deep V-shaped notch, 
is held between the eyes and the object in such a way that the 
lower left portion of the object is shut out of the left eye and 
the lower right part out of the right eye, the cylinder suddenly 
appears narrowed at the bottom, as in Fig. 6. Fig. 5 shows how 
that part of the experiment is performed. 

If while looking at the bottom of the cylinder, a piece of 
black paper having an acute angle is held as in Fig. 8, the right 
upper boundary of the image in the left eye, and the left upper 
boundary of the image in the right eye, may be obscured. 
Under these conditions the brain apparently regards the object 
as bounded by lines that remain visible, as in Fig. 7, for the cylin- 
der suddenly seems larger at the bottom. 
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In either of these cases, the illusion is quite complete. In 
the first case the perspective is apparently increased, while in 
the latter experiment it is seen to diminish. One may glance up 
and down the object while performing these experiments and 
thereby cause the object to seem to shrink and swell, for reasons 
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Some Optical Illusions Due to Parallax. 
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that no doubt will be suggested by comparing the outline of 
Fig. 3, with Fig. 7, and the outline of Fig. 4, with Fig. 6. 

When these experiments are fully understood, the first two 
fingers of one hand may supplant the pieces of paper, by spread- 
ing them apart for the first illusion and bringing them together 
for the other. 








COOLING BY EVAPORATION 


By H. D. Hatcu 
English High School, Boston, Massachusetts 


A simple and striking experiment to show cooling by evapora- 
tion may be done with the the following apparatus: An ordinary 
250 cc. “‘gas’’ bottle, a small vial, a water aspirator, ether, glass 
and rubber tubing. The bottle is quite apt to tip over sitting 
on the table so I use a ring stand and clamp. It is also more easily 
seen by the class when lifted up. The tube (A) need be only 
long enough to go through the rubber stopper but should be 
bent to reach a corner of the bottle. This inside end should be 
heated in a burner until partly closed so that air cannot enter 
too rapidly. Tube (B) just goes through the stopper and is at- 
tached by a rubber tube to the side of the aspirator. 

About 25 cc. of ether (E) 

: is poured in the bottle; the 

Aspmsren Vial part full of water, is slid 

in carefully; then the stop- 

per with its tubes is put in 

place. The bottle is now 

clamped at an angle so that 

Waren the tube (A) is below the 

surface as far as possible 

and as long as any ether is 

left. When the aspirator is 

turned on the partial vacuum plus the current of air entering 

through (A) evaporates the ether. In a matter of seconds the 

bottle feels cold to the fingers and in one or two minutes, de- 

pending on the amount of water used, the water is frozen. It is 

convenient to have a pair of forceps handy with which to take 

out the vial so that you may pass it around the class. The odor 

of ether is unpleasant to many people so I like to attach a 

rubber tube to the end of the aspirator and carry the water 

actually into the drain pipe of the sink. This will not prevent 

some odor being noticed but is very much better than letting 
the water splash into the sink. 

Water freezes nicely with this apparatus but other liquids 
may be used in the vial. Benzol, for instance, with a freezing 
point of 5.6°C. and a latent heat of 30 cal. (against 0°C. and 80 
cal. for water) freezes even more easily. 
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NATURE RECREATION IN SAINT LOUIS 


By WILLIAM GOULD VINAL 
National Recreation Association 


The founder of Saint Louis, Pierre LaClede (1724-1778) 
proved himself to be a practical naturalist. He observed that 
here were fertile bottom lands, a plateau safe from floods, 
limestone cliffs for building material, and sturdy trees for 
houses. He made special note of a ravine which made a natural 
gateway from the flood plains to the plateau. LaClede exhibited 
unusual foresight for his time in establishing a public park in 
the heart of the settlement which he called Place D’armes. This 
park overlooked the river but unfortunately it later became a 
market place. 

St. Louis as a trading post was surrounded by “‘Injuns”’ and 
“varmints.”’ “‘Chasseurs de bois’”’ hunted the forest for game. 
If the ‘‘voyageurs”’ represented the navy of the American Fur 
Company, the ‘“‘trappers”’ were the army. In those days a brass 
kettle was worth its weight in beaver skins and a good beaver 
skin was worth $3.00 a pound. “The season’s catch”’ meant the 
fur product of one year. One had to be well versed in the fur 
trade to carry on conversation with intelligence and the trap- 
pers could use the language of the original fur bearers, deceiving 
the animals themselves by imitating their calls. 

Science received a stimulus from the “larned”’ settlers who 
came to the locality. The first doctor, Antoine Francoise 
Saugrain, was described as a chemist and naturalist. Back- 
woodsmen who saw his laboratory were inclined to suspect that 
he practiced black magic. Monsieur Auguste Chauteau, who at 
the age of thirteen felled the first tree in Saint Louis, was ahead 
of his day when he advanced the theory that elephant bones 
could have only reached Saint Louis by crossing from Asia to 
America via Bering Strait. John Bradbury (d. 1823), the earliest 
Saint Louisan of botanical note, was sent by the Liverpool 
Botanic Garden, arriving December 31, 1809. As he was always 
occupied with plants the Indians marked him as a medicine 
man. This guaranteed him safe travel and at times they con- 
sulted him. Bradbury met Daniel Boone. If Boone owned the 
wild animals of ten thousand valleys it was Bradbury who 
owned the herbs. 

Bradbury often traveled with the trappers and also with 
Thomas Nuttall (1786-1859), one time curator of the Harvard 
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Botanical Gardens. Major Stephen Harriman Long (1784- 
1864) led an expedition of scientists (1819-1820) from St. Louis 
to the Rocky Mountains. Long’s Peak, the beauties of which 
were championed by Enos Mills, bears his name. The members 
of Long’s party visited Bradbury in 1819 and also reported 
about the local Indian Mounds. 

Henry Shaw (1800-1889) arrived at the French trading post 
called Saint Louis, May 3, 1819. Starting with a ‘‘small stock of 
cutlery” he made a fortune. While traveling through the private 
grounds of Chatsworth, England, the idea of the Missouri 
Botanical Garden was born (1851). The last twenty-five years 
of his life were spent in perfecting the garden and park. Pro- 
fessor J. D. Butler, who visited it in 1871, called it ‘‘The Eden 
of St. Louis.”” Mr. Shaw had in mind the providing of pleasure 
with incidental instruction for the public. The School of Botany 
(1885) was endowed as a department of Washington University 
(1853). The unexcelled botanical library and herbarium are a 
foundation for this work. Henry Shaw left an endowment fund 
for an annual sermon on flowers. Shaw’s Garden as it is popu- 
larly known, has become a shrine for those contemplating 
similar enterprises. 

George Engelmann (1809-1884) established himself as a physi- 
cian at Saint Louis at the age of twenty-three. He had studied 
at Heidelberg with Louis Agassiz and was intensely interested 
in botany. His scientific reports on botany and minerals led 
to the coming of many educated Germans. Although an 
authority on vines, cacti, pines and oaks, he gave attention to 
other species and his valuable collection was given to Shaw’s 
Garden. Starting in 1835 he kept an accurate weather record for 
nearly fifty years. In 1843 with Doctor Adolph Wislizenus 
(1810-1889) and others he formed the Western Academy of 
Science and for the first fifteen years was president of the pres- 
ent Academy of Science. Engelmann also started a botanic 
garden and experimented in forestry. Engelmann knew Thomas 
Nuttall, Asa Gray, and C. S. Sargent and was an authority 
for government expeditions west such as Fremont’s. Engel- 
mann Spruce is a living monument to his name. 

Mayor John F. Darby in 1835 forced upon St. Louis a public 
park system. He was following the foresight of LaClede who 
had set aside considerable acreage as “Commons.” Mayor 
Darby rescued some acreage as ‘‘Public Parade Ground” which 
later became Lafayette Park. 
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William Torrey Harris (1835-1908) came to Saint Louis in 
1857 where he taught at the Clay School. His playground was 
equipped with apparatus and as a young teacher he showed 
the boys how to perform. He constructed and mounted a tele- 
scope in his backyard. He passed his boyhood on a Connecticut 
farm where he probably obtained his first interest in botany. 
Saint Louis was fertile ground to develop this interest. 

The Saint Louis Movement (1869) was a result of the so- 
called conflict of science and religion which followed the ad- 
vance of the theory of evolution. The Journal of Speculativ 
Philosophy (1867) had been organized to combat the ideas of 
Herbert Spencer which were supposed to be developing ma- 
terialism and agnosticism. The few great men who joined this 
group brought on a renaissance in philosophy and literature 
which attracted to the city such people as Julia Ward Howe and 
Ralph Waldo Emerson. Harris was an active member of this 
society. 

Harris, the philosopher, felt that the ideals which had guided 
men through the ages must be the aim of education. His pur- 
pose was culture. He, therefore, chose to follow Plato in prefer- 
ence to Spencer. Latin became essential and one hour a week 
was sufficient for science. He ignored scientific methods and 
discoveries. He had his ideals in mind and arranged his course 
of study as a means to those ends. He had what are called gen- 
eral concepts in the 31st yearbook of the N.E.A. Department 
of Superintendence and related his content to those principles. 

Harris, the naturalist, said that, “In an age... of science 
... there should be in the elementary school . . . a course in the 
elements of science.”’ He also recognized that, ‘‘The pedagogical 
is not always the logical or scientific order.’’ He believed that, 
“The course in science should be a special course,” and praised 
Horace Mann when he said that, “‘The object lesson and the 
study of natural science are the watchwords of reform in 
methods of instructions.’”’ Under Superintendent Harris the 
Saint Louis schools obtained a course in nature study. It failed 
to recognize individual capacities and differences and was based 
on knowledge rather than activities as was characteristic of the 
times. Nevertheless, it was a course with major aims. 

Harris, the recreationist, did not appreciate play as an op- 
portunity for the educator. He felt that in work man gives him- 
self up to some particular demand of society and that in play 
he “gives full rein to the individual whim or caprice; he relaxes 
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from work and regains his individuality.’’ To Harris, the func- 
tion of the school was to change the individuality of the child 
so that he would conform with the social order. This is not un- 
like the function of the educational plan of Hitler or Mussolini 
with the military flavor omitted. 

Harris, the psychologist, believed in the value of play. In 1873 
he was a member of the committee of ten of the N.E.A. which 
was to report on Froebel’s System of Kindergarten Education. 
He supported the movement and made a provision for the 
training of kindergarten teachers in Saint Louis. The first play 
school in Saint Louis started in 1873 with Susan Blow as its 
head. Harris’ idea was to bring the child from the world of 
material to the world of the spiritual. For this reason he was 
impressed with the idea of symbolism. The modern nursery 
school is based on the biological laws of growth and the de- 
velopment of innate powers through play, songs, and games. 

The Louisiana Purchase Exposition was a great stimulus to 
nature study. Many exhibits left over from the exposition led 
to the establishment of the Educational Museum. The World’s 
Fair also left its toll and is looked back to by many as the time 
when Forest Park was unnecessarily devastated. Forest Park is 
one of the city’s chief lungs but it is no longer a forest. It would 
also make significant arithmetic to figure how much acreage has 
been given over to boulevards and even a private golf course 
where influential men pay a fee and keep out the public. And 
now the hikers are awakening to their rights. An eight-mile 
rustic hiking trail will soon be winding through the islands of 
remaining trees. It is to be hoped that this two-persons-abreast 
trail will not be cement nor too much like Sir Walter Raleigh 
putting down his coat for the Queen. There are low-heelers and 
high-heelers. Of course those who insist on stilts should be en- 
couraged but we hope that they too will feel the good old sod. 
There will be detour trails leading to the zoo and the art 
museum, but the movement takes on wider significance in that 
it will first invite hikers to the Henry Shaw Garden Way Trail 
and ultimately will connect up with the trail system of the 
Ozarks simulating the Appalachian Mountain network of trails 
in the East. Youth Hostels, lean-tos, and outdoor fireplaces 
will naturally follow. Saint Louis is on the way to the great 
outdoors and in a big way. 

Nature study in Saint Louis has a future which is clearly 
based on the past. It has been influenced by the early settlers 






































NATURE RECREATION IN SAINT LOUIS 759 


the French, the German, and the English. It has a noble lineage. 
Perhaps the Walk-Ways Group could hark back to 1851 when 
a Miss Cushman, announced as a “‘Female Pedestrian,’ under- 
took to walk 500 miles in 500 hours, wearing pink bloomers and 
a hat trimmed with cherry colored ribbon. It is as true today 
as on August 10, 1897, when Champ Clark said, “‘Why sigh for 
the distant beauties of the Alps when the beauties of the Ozarks 
are almost in sight and yet unfamiliar to your eyes?” or “Why 
go five hundred miles to get lost in the Mammoth Cave, when 
you can perform that unpleasant caper in the great Hannibal 
Cave—the scene of the remarkable exploits of Tom Sawyer 
and Huckleberry Finn?’’ With the opening of nature trails and 
recreation in the two million acre Clark National Forest, the 
Ozarks at once become the front yard of Saint Louis instead of 
an unexplored back wood-lot. 

Seventy-three acres of Forest Park are devoted to a zoo which 
presents nearly 2,000 living animals to the public. By far the 
outstanding collection is the 25 humming birds under the 
personal direction of Doctor Henry M. Kennon. Through his 
researches he is about to offer statistics which will make similar 
exhibits possible throughout the world. The delicacy of the 
situation will be evident if we borrow these recently discovered 
facts from Doctor Kennon. If humming birds go without feed- 
ing for three daylight or active hours they die. Each bird 
eats four times its own weight daily and they feed every three 
minutes. The food is the result of a complex formula and has 
to be arranged in such a way that the birds will not get any on 
their wings which would result in death. Since every bird has 
to have an individual dish it is necessary to have more filling 
stations than birds. The temperature of about 92°F. with 
thermostatic control, a fine spray shower bath and flowers from 
which to sip nectar are also requisites for healthy humming 
birds. 

The accompanying table indicates that there are at least 
twenty-five other forces in Greater Saint Louis which are mak- 
ing nature recreation possible. Space does not permit a more 
elaborate presentation of this thesis. It is to be regretted that 
sulphur fumes and smoke have made it necessary for the author- 
ities of the Missouri Botanical Garden to go outside of the city 
for a distance of thirty miles to acquire Gray Summit where the 
less hardy plants can grow. The botanist knows that the 
cineraria are smoke indicators. They tell that it is time to move 
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VATURE RECREATION IN ST. LOUIS 
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NAME O} 
ORGANIZATION 
PUBLIC ORGANI- 
ZATIONS 
1. City Plan Com. 
of St. Louis 


2. Clark Natl. For- 


est (Mar.31,1935) 


3. Educational Mu- 
seum of Public 
Schools (1904) 


4. Jewel Box (City’s 
Greenhouse) 


5. Nature Trails 
School (1934) 
Normandy High 
School 





6. Public Schools 


7. St. Louis Park 
Dept. 


PRIVATE ORGANI 
ZATIONS 

8. Academy of Sci 

ence of St. Louis 
(1856) 


9. Boy Scouts St. 
Louis Council 


10. Girl Scouts 


11. Gray Summit 


12. Henry C. Shaw 
Garden Way 
Assn. (1932) 





SPONSOR OR 
MOVING SPIRIT 


Harland Bartholmew 
& Associates 


Forest Supervisor 


Amelia Meissner, Di 
rector 


Phillip Lippos, 
Floriculturist 


W. F. Shay Instruc- 
tor in Biology 


Henry J. Gerling, 
Supt. Lewis M. Dou 
gan, Prin. Field Sch., 
Arthur O. Leutheus 
ser, Prin. Irving 


School 


Charles Connors 


Chauncey D. Leake 


Hermann Schwarz, 
Dir. Science Depart 
ment 


Miss Sampson, Di- 
rector. Clara Heis- 
ing, Lecturer 


L. P. Jensen, 
Director 


L. P. Jensen, 
President 





EMPHASIS 


Science of City Plan- 
ning 


Purchase of sub-mar 
ginal land 


To assemble visual 
aids and supplemen 
tary books. To circu 
late to Public Schools 
Slogan: “Bring the 
world to the child”’ 


Rare and artistic dis 
play of flowers 


An outdoor biologi 
cal laboratory for 
High School Classes 


Conservation 


Hiking and Nature 
Trails 


A congenial meeting 
ground for those in- 
terested in science 


Nature lore for 
Scouts 


Scouting 


An Arboretum 


Beautification of U.S 
Highway 66 (Henry 
Shaw Gardenway) 





SCHOOL SCIENCE AND MATHEMATICS 


WHAT TO 
SEE 


REMARKS 


Analyzing existing condi- 
tions 


Over 2 million acres, fire 
control, reforestation, tim 
ber stand improvement, wild 
life management, timber 
management, land use plan 


ning, recreation, nature 
trails, roadside beautifica- 
tion. 


Aresult of La. Purchase Ex 
position. Supervisor’sexhib- 
it, children’s museum, objec- 
tive material, films, slides, 
and __ stereoscopic views, 
weekly delivery to each 
school, visiting classes. Val- 
uation $350,000 

In Forest Park, 5800 Oak- 
land Avenue. Free consulta- 
tion service relating to grow- 
ing of home gardens 


An attractive natural gar 
den in a sink hole, approx 
150 ft. in diameter. Rock 
garden, pool, trails, plant & 
insect behavior. Students se- 
lect unit of work, oral con 
ferences, also has a Museum 
Club. 


Special Nature study num- 
bers of school & home pub- 
lished by Dept. of Instruc- 
tion. L. F. Pinkus, Teacher 
in Garfield School, 2612 
Wyoming Street is doing 
outstanding work 

With help of W.P.A. are 
constructing trails in codp 
eration with St. Louis Walk 
Ways Group in Forest Park 


Valuable library, publishes 
transactions, meetings 2nd 
& 4th Weds. at 8:15 p.m., 
Auditorium Wilson Hall, 
Washington University 

Mr. Schwarz has a corp of 9 
workers 
ence, Annual Merit Badge 
Show & Circus 


9 divisions of Sci 


Aim to have camp staff na 
ture-minded (Cedar Lodge 
Camp) Miss Heising gives a 
nature evening once a 
month. 


Nearly 900 representative 
Mo. Plants. 90 acres for a 
pinetum. Total of 1600 acres 


A 36 mile highway leading 
past Gray Summit. 200 ft 
right of way. 30 acres of na 
tive material. Codperating 
with C.C.C. Plan a hiking 
trail. 
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NAME OF 
ORGANIZATION 





13. Home Thrift 
Community 
Gardens (1932) 

14. Isaac Walton 
League 


15. Jesuit Seismo 
logical Assn 
Univ. St. L 


16. Mo. Botanical 
Garden (1860) 


17. St. Louis 
Bird Club 


18. St. Louis 
Horticultural 
Society 


19. St. Louis 
Naturalists 
Club (1898) 


20. St. Lewis 
Nature Study 
Society 





21. St. Louis 
Walk-Ways 
Group (1935) 


22. St. Louis 
Wild Flower 
Club 


23 Webster Groves 
Nature Study 
Society (1920) 


24. Western Society 


for Meteor 
Research 





SPONSOR OR 
MOVING SP [RIT 
Julius A. Baer, 


Sponsor 


Frank Wielandy, 
President 
1605 Locust St 


James B. “Macelw ane, 


S.J 


Dr. Geo. T. Moore, 


Director 


Dr. Donald M. 
Hetler, Pres 
Webster Groves 


Geo Pring, : 
Supt. Mo. Botanical 
Garden 


He: rmann Sc hw arz, 
Webster Groves 





Arthur A. Leut- 
heusser, Pres 
Irving School 


Com. Council 

Dan McCluney, 
Wash. Univ. Plan 
ning; Merle D. Ship 
pey, Boy Scouts, 
Trails; Ralph E 
Mooney, President 
Organization 

Oskar Petersen, 

sec *y. 

Hermann Schwarz, 
Edu. 

Olive Schregardus, 
Pres., Dr 
Satterthwait, 
Founder 


J. Wesley 

Simpson, Pres 

639 Locksley Place, 
Webster Groves 





EMPHASIS 


Use of vacant tracts 


Preservation of wild 
life of America 


Earthquakes 


Largest collection of 
plant life in Western 
Hemisphere Adm. 
free 


Stuc dy of Birds 


Gardening 





Membership deter- 
mined by personality 
& interest in Nat 
Science 


Study of Nature 


To promote walking 


To unify Ozark Trails. 


Toplan & mark trails 


Herbarium. Conser 
vation of Wild Flow 


ers 


To organize nature 
study in the sc hools 
& adult education. A 
Cabin since Oct. 1, 
1933 & Wayside Mu- 
seum on the Rankin 
Estate 





For Amateurs inter- 
ested in Astronomy 





REMARKS 


Free plots of ground and free 
seed to raise products for 
family table. 

Meets in “Sok jan 
School Auditorium. 


High 


One of many codperating 
stations of Jesuit Seismo- 
logical Assn. Research Stud- 
ies 

12,000 distinct species & va- 
rieties—400,000 annual at- 
tendance, Chrysanthemum 
Show, Research & Economic 
Gardens, Orchid Show, 
Plant Curiosity House, 1600 
acres, popularly known as 
Shaw’s Garden. Tropical ex- 
tension at Balboa, Panama 





Bird walks in Forest Park 
and Shaw’s Garden each 
Sat. in April. Winter bird 


census 





Meet first Fri. of month, 
Washington Univ. School of 


Med., Lectures, Amateur 
garden contests, “‘Garden 
Life” published monthly, 


meetings free to public. 


Meets monthly at house of 
one member at which host 
gives a paper. Membership 
limited to twelve. No offi- 
cers 


Spring & “Fall excursions, 
a? Bulletin ‘““Nature 
udy,” Lectures, Dues 50¢ 
pre 
Lectures, organizing of 
youth hostels, issues a paper 
entitled Walk-Ways. Being 
fathered by Alfred H. Wy 
man, Sec’y of Community 
Council, 613 Locust Street. 


E thibits. and pub lic educa- 
tion manent limited to 


Section of Am. Nature 
Study Society. Organized 
by Dr. A. F. Satterthwait 
Publishes ““Nature Notes” 
—2 Junior Groups 8-12 yrs., 
12-16 yrs. If 10 or more in- 
terested in a definite field, 
as botany, trees, insects, etc 
may have a representative 
on Board. About 8 annual 
meetings of Society at large 
Sectional meetings & excur- 
sions 





Subsidiary Amer. Meteor 
Society. Meet ist & 3rd 
Tues. at Webster Groves 
High School, for Boy Scouts 
& Adults; & 2nd & 4th Tues 
for Girl Scouts & Adults 
Mo. Bulletin 75¢ 
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AND MATHE 


MATICS 





NAME OF 


25. Y.M.C.A. 
S. Side Branch, 
Indian Guides 





ORGANIZATION 


SPONSOR OR 
MOVING SPIRIT 


Harold Keltner, 


2232 S. Grand 
. 





EMPHASIS 


Father & Son meet 
ings based on Indian 
Lore 


REMARKS 


A significant undertaking to 
bring fathers and sons to 
gether. 











26. Zoological Geo. E. Dieckmann St. Louis Zoological | Quarterly publication. An 
Society of President Park unusual cage of living hum 

St. Louis Geo. P. Vierheller, ming-birds, Many new proj 
Zoo Director ects. Extensive & inter 

esting collection in native 

habitats Zoo covers 73 

acres, nearly 2,000 living 


animals, no charge. 








to Gray Summit. The zoologist has discovered the technique 
which makes it possible for humming birds to live. The govern- 
ment technician has decided that the Ozarks are submarginal 
lands particularly suited for recreation. Is it not time for the 
educators to have something definite to say about children 
breathing the unburnt particles of carbon, or wiping soot off 
their faces, and the necessity of sunshine, fresh air, forests, 
flowers and play in the green fields? With all this wealth of 
nature enthusiasts it is all the more regrettable that it is still 
possible for some of the public school children in this fair city 
to grow up and be illiterate in nature. There is a course of study 
but it exists only on paper, leaving the teaching of it to volun- 
teers. With one of the first educational museums in the country 
doing a remarkable piece of work and with such teacher en- 
thusiasts as L. F. Pinkus, and the backing of such principals 
as Lewis M. Dougan and Arthur O. Leutheusser this condition 
cannot last long. As it can be said that Missouri is the home of 
the “‘delicious apple’’ and of the corncob pipe so let it be said 
that Saint Louis is a place where every child is guaranteed the 
best in nature recreation. It is already his for the asking. What 
is needed is a unanimous march to the front of all leaders who 
are willing to show children the way. 





POWERFUL ANTISEPTICS MADE FROM OAT HULLS 


Oat hulls and other farm wastes may in future yield powerful antiseptics 
for use in medicine and for combating plant diseases, as they already supply 
industry with materials for making plastic products such as steering wheels, 
radio panels, and electric insulators. 

Doctors N. M. Phatak and C. D. Leake, of the University of California 
Medical School here, have combined furan, an oat-hull derivative, with 
mercury in various ways, producing a number of promising germ-killing 
compounds. In dilutions one part of antiseptic in from 15,000 to 30,000 
parts of water, they killed test cultures of colon bacilli and the yellow germs 
that cause boils. 




















A TEST FOR SCIENTIFIC ATTITUDE 


By A. G. Horr 
La Crosse, Wisconsin 


Proponents of the teaching of science in the public schools 
claim that the biological and physical sciences develop a desir- 
able attitude in the pupil called scientific attitude. 

Reflection upon the subject of scientific attitude presents the 
following questions: What is scientific attitude—is it synony- 
mous with intelligence? Can it be measured? How is this at- 
titude of mind acquired? If it is acquired through study and 
experience, what fields of instruction contribute most toward 
this end? Should the teaching or study of science in our schools 
be awarded this honor? The purpose of the article is to de- 
scribe an attempt to prepare a scale for measuring scientific 
attitude. 

CONSTRUCTION OF THE TEST 


The first step in the construction of the test was to find an 
adequate definition of scientific attitude given by a reliable 
authority. The writer surveyed all references on scientific at- 
titude in periodical literature and books. The definition that 
was chosen as a criteria for the construction of the test is a 
composite of fifty science teachers and compiled by F. D. 
Curtis. This outline of scientific attitudes is as follows: 


DEFINITIONS OF SCIENTIFIC ATTITUDES! 


I. Conviction of universal basic cause and effect relations 
rendering untenable, 
a. Superstitious beliefs in general, as “signs” of “good or 
bad luck,” and charms, 
b. “Unexplained mysteries,” 
c. “Beats all” attitude, commonly revealed by 
1. Too ready credulity, 
2. Tendency to magnify the importance of coincidence. 
IT. Sensitive curiosity concerning reasons for happenings, 
coupled with ideals 
a. Of careful and accurate observation, or equally careful 
and accurate use of pertinent data previously collected 
by others; 


1 Francis D. Curtis, Some Values Derived from Extensive Reading in General Science, Bureau of Pub- 
lication Contribution No. 163, Teachers College, Columbia University, 85 
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b. Of patient collecting of data; 
c. Of persistence in search for adequate explanation. 


III. Habit of delayed response, holding views tentatively for 
suitable reflection (varying with the matter in hand), 
a. To permit adequate considerations of possible options, 
b. To permit a continuous plan of attack, clearly looking 
forward to a prediction of the probable outcome or 
solution. 
IV. Habit of weighing evidence with respect to its 
a. Pertinence, 
b. Soundness, 
c. Adequacy. 
V. Respect for another’s point of view, an open-mindedness 
and willingness to be convinced by evidence. 

Two hundred situations were constructed by the writer, at- 
tempting to follow the outline of scientific attitudes as a guide. 
Forty items for each of the major divisions were constructed 
according to the following specifications: 


a. Construct the situation so that it may be answered by one 
of the four responses, namely, “True,” “False,” “Insufficient 
Data,” and “I Do Not Know.” 

b. Make item as brief as possible. 

c. The content of items should be within the experience of 
a ninth grade pupil. 

d. The content of the items should not be offensive to moral, 
religious, political, and other prevailing beliefs or codes. 

e. The test should not require more than one hour to ad- 
minister. 

In order to determine the presence of situations that were 
obvious and required nothing more than common sense to re- 
spond correctly, the two hundred items were administered to a 
group of fifty graduate students in the college of education at 
the University of Iowa, and to forty high school graduates 
taking a special summer course at the same university. There 
seemed to be a fair distribution of responses to all the items 
especially by the high school group, consequently none of the 
questions were eliminated. 

Due to the difficulty of acquiring a criterion for determining 
the validity of the test, the test items were submitted to the 
judgment of a group of men selected from a diversity of pro- 
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fessions. A copy of the questions accompanied with directions 
was sent to approximately fifty people selected from the follow- 
ing professions: Medicine, Education, Banking, Marketing, 
Engineering, and professors of chemistry, law, biology, physics, 
economics, and sociology. 

Fifteen of the fifty copies were rated and returned. The judges 
were asked to indicate the response a pupil should make to 
show the highest degree of scientific attitude, bared by the item, 
and to rate each individual question according to the following 
degrees of scientific attitude: no degree, low degree, medium 
degree, high degree, and very high degree. Three of the 
judges rated the questions again after several months. The 
average reliability of the three re-ratings was found to be 
72.2 per cent. Three judges were chosen as experts because of 
their specific work and experiences in the field of science teach- 
ing. 

The items having an average rating of low degree or no degree 
were eliminated. Fifty of the items were dropped in this manner, 
leaving one hundred and fifty items that had an average rating 
of medium or more. These one hundred and fifty situations 
were selected to compose the test for scientific attitude. 

In order to insure a fair testing of the presence of each of the 
five major components of scientific attitude in the pupil, item 
one in group one was followed by item one in group two; item 
one in group two was soon followed by item one in group three, 
etc.; making an arrangement which permits a situation testing 
each of the five components at least once during a cycle of five 
items. 

The reliability of the test as determined by correlating the 
performance on the odd items with the performance on the even 
items is .6077+.0250 and the correlation of the first half with 
the second half is .4750+ .0311. Therefore the reliability of the 
whole test as determined by the Spearman prophecy formula is 
.7553 and .6508.? 

SCORING OF THE TEST 

With the arrangement of the situations in the test as described 
in the preceding pages of this article i.e. a cycle of five items 
tests the five major components of scientific attitude as given 
by the outline, the ratio obtained when the number of correct 
responses is divided by the number of situations attempted is 
considered by the writer to be a fair measure of the performance 


2 Garret, H.E Statistics in Psychology and Education, Longmans, Green & Co., New York. 1926, 271 
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of the pupil on the test. This method of scoring tends to provide 
for individual differences as to the speed of reading, thinking 
and comprehension. 

Some of the situations can be answered correctly by two re- 
sponses depending upon the viewpoint of the person tested. The 
responses the writer found interchangeable are “false” and “‘in- 
sufficient data.” It was necessary to allow this flexibility because 
of the differences in opinion of the judges as to which response is 
correct. The average time of performance on the test for 337 


high school seniors was 40 minutes. 
A sample of the test giving the first 30 of the 150 items is as 


follows: 

DIRECTIONS 
I. Please read every question carefully. 
II. Please answer every question. 

III. Place a circle around the symbol representing the answer you think 

is correct, thus: T-F-ID-DK. 

IV. The symbols represent the following answers: 

a. T- True. 

b. F- False. 

c. ID- Insufficient or not enough data to answer the question in- 
telligently. 

d. DK-I do not know. 

T-F-ID-DK-1. Miss A. a nationally known opera star decided to discon- 
tinue her career after a few years of successful work. It 
is probably true as her sister said that her decision to 
settle down to a quiet life was due to a mysterious power 
guiding her destiny. 

T-F-ID-DK-2. A changed oil in his car. After driving his car thirty miles 
a bearing in his motor was burned out. A can collect 
damages from the company for the cost of repairs. 

T-F-ID-DK-3. Mary had a pain in her right side. The physician diag- 
nosed the trouble and performed the necessary operation. 
Mabel has developed a pain in her right side. She should 
have an operation performed similar to Mary’s. 

T-F-ID-DK-4. Mr. A. drives an expensive automobile, therefore he is 
wealthy. 

T-F-ID-DK-5. A president of the United States should not serve more 
than two terms only because it has been customary not 
to do so. 

T-F-ID-DK-6. Mr. A. an aviator during the world war was killed in an 
aeria! battle. A comrade reported that Mr. A. had had a 
“hunch” that he was not coming back “this time.” 
Hunches of this type are reliable and should be heeded 
as warnings of possible happenings. 

T-F-ID-DK-7. Two automobiles A and B started from San Francisco 
to New York at the same time. B arrived in New York 
City ten hours before A. B made a greater speed in 
miles per hour than A. 

T-F-ID-DK-8. A certain physician prescribed X as a remedy for A for 
not feeling well. B is not well and should take the remedy 


ah. 











0 SP 








T-F-ID-DK-9. 


T-F-ID-DK-10. 


T-F-ID-DK-11. 


T-F-ID-DK-12. 
T-F-ID-DK-13. 
T-F-ID-DK-14. 


T-F-ID-DK-15. 


T-F-ID-DK-16. 


T-F-ID-DK-17. 


T-F-ID-DK-18. 


T-F-ID-DK-19. 


T-F-ID-DK-20. 


T-F-ID-DK-21. 


T-F-ID-DK-22. 
T-F-ID-DK-23. 


T-F-ID-DK-24. 
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A Company A of the French army is composed of men 
averaging 5 ft. 11 in. in height; company B of the Ger- 
man army is composed of men 5 ft. 9 in. in height. From 
the above data it may be concluded that all Frenchmen 
are taller than Germans 

Some medical authorities claim that men wear too much 
clothing. It is better to sacrifice the health of our men 
than to deviate from the customary manner of clothing. 
Mr. B robbed a bank. About six months later, he was 
killed in an automobile accident. His death was a com- 
pensation for his wrongdoing. 

Johnny weighs fifteen pounds more than Jimmy. Johnny 
is in better health than Jimmy. 

A won a boxing match from B. C won a match from D. 
Therefore C can win a boxing match from B. 

A certain organization employs a hooded costume. A 
group of men in hooded costumes participated in a lynch- 
ing case. This proves that the organization indorses 
lynching. 

Mr. A has a good reason for spraying his trees with a 
certain chemical because his father has done so for the 
last thirty years. 

Mr. X died at 11:00 P.M. on a certain date. His son 
after receiving the message of his death said that his in- 
ability to go to sleep that evening was a mysterious indi- 
cation of the death of his father. 

A and B each bought a stove. A bought four tons of coal 
and B bought six tons of coal. A has a better stove than 
B. 

A layman farmer without any training or study acquired 
a statewide reputation as a “‘healer”’ professing to cure 
all physical ills and diseases of the human body by em- 
ploying a simple diet and prayer. Healers of this type 
are no doubt just as reliable as a well trained physician 
or surgeon. 

The average weight of 100 boys in X High School is 10 
pounds more than the average weight of 100 girls in the 
same school. This shows that all the boys are heavier 
than all the girls in the school. 

Vivisection or operation on anesthetically treated ani- 
mals for the purpose of perfecting curative medicine is a 
violation of cruelty to animals principles and should not 
be permitted. 

Mr. B was completely exhausted due to a lingering ill- 
ness. Although Mrs. B had never known him to have any 
musical talent, she claimed that he suddenly acquired 
some mysterious energy which caused him to sing like a 
master and then died. 

My motor seems to lack power today; there must be 
some reason for it and the trouble should be corrected. 
Mr. B a California fruit grower should spray his orange 
trees with a certain chemical because the California De- 
partment of Agriculture found through scientific investi- 
gations that the chemical is effective in destroying fungi 
and bacteria detrimental to the fruit. 

Aviator A and aviator B in separate planes decided to 
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T-F-ID-DK-25. 
T-F-ID-DK-26. 


T-F-ID-DK-27. 


T-F-ID-DK-28. 


T-F-ID-DK-29. 


T-F-ID-DK-30. 


T-F-ID-DK-31. 


T-F-ID-DK-32. 


T-F-ID-DK-33. 


T-F-ID-DK-34. 


T-F-ID-DK-35. 
T-F-ID-DK-36. 
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make a transoceanic flight from New York to Paris. A 
planned to take off at any time without observing atmos- 
pherical conditions. B plans to observe all weather con- 
ditions, and govern himself as far as possible by this 
information. A and B have an equal chance in making a 
successful flight. 

I do not know much about evolution and I do not care 
to know anything about it. 

Mr. A and his wife were accomplices in the murder of an 
aged lady acquaintance. When questioned as to the rea- 
son for the act, they asserted she was bewitched with a 
power of causing death to overtake people she did not 
like and that she was endeavoring to impose this power 
upon their household. They were justified for killing in 
self defense. 

Mary continually complains of a pain in her abdomen. 
Her mother is right in saying that she will grow out of it 
because she used to have the same type of pain at her age. 
The National Weather Bureau forecaster predicts a 
heavy April snowstorm for the cattle and sheep region in 
Montana within 36 hours. The State Department of 
Agriculture should broadcast the information in an at- 
tempt to avert heavy losses to the ranchers. 

80% of the ladies at an afternoon bridge club smoked 
cigarettes. Mr. X was correct when he said that this 
proves that at least three-fourths of the women in the 
United States smoke tobacco in some form or other. 
Good positions cannot be acquired any more without a 
“pull.” 

An aviator started ona transoceanic flight on Friday the 
13th. The flight failed and the plane and aviator were 
never found. The aviator should have known better than 
to have started such a task on an unlucky day. 

I always get exhausted more easily than the other boys 
in my gym class. My father says that I am all right, but 
the gym work is too difficult. 

Mr. A is planning a 3 day trip into a certain section of 
the country that is passable only during dry weather. In 
order to assure a successful trip he should get the weather 
forecast from the nearest National Weather Bureau sta 
tion and govern himself thereby. 

Mr. B was a participant in an automobile accident. A 
bottle of intoxicating liquor was found in the car. Mr. B 
can be convicted for driving his car when intoxicated. 
Prohibition as experienced in the United States was a 
failure. 

A physical weakling may become physically strong by 
gradually increasing the load as the man acquired the 
ability to lift a full grown bull by lifting the bull every 
successive day after the animal’s birth. 


WHAT DOES THE TEST REALLY TEST? 


In order to determine if the test tests scientific attitude or 
some other ability, skill or habit, the performance of this test 
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for scientific attitude was correlated with other criteria. Other 
abilities which the test may test are intelligence, scientific apti- 
tude, general scholarship, or scholarship aptitude. 

The performance of the pupils tested on the scientific apti- 
tude test was correlated with their performance on a scientific 
aptitude test developed by D. L. Zyve, then of Leland Stanford 
University, American Council Psychological Tests, and average 
school grade. For the purpose of determining the effect of read- 
ing ability on a pupil’s performance on the test, the Iowa Silent 
Reading Test was administered to one group of 69 pupils. These 
scores were correlated with the scores obtained by the same 
group on the scientific attitudes test. No significant correlation 
was found to exist. 

The test was administered to 337 12th grade pupils in 5 
groups of about 65 each, in four high schools. In three of the 
groups the whole 12A class was secured, providing a fair dis- 
tribution of science and non-science pupils which the writer de- 
sired for validating claims for scientific attitude. One of the 
other two groups was two classes of chemistry and the second 
group was composed of a random group of 12A pupils. 

CONCLUSIONS 
I. The validity of the test for scientific attitude rests primarily 
upon the reliability of the ratings given by the judges to the 
individual situations composing the test. 
II. The lack of significant correlation shows: 

a. That the test for scientific attitude tests something differ- 
ent from the abilities tested by the scientific aptitude and 
the American Council Psychological tests. 

b. That a pupil receiving high average school grades will not 
necessarily acquire a high score on the scientific attitude 
test. , 

c. That ability in comprehension and speed of reading has 
no significant relation to performance on the scientific at- 
titude test. 

SUGGESTED USES OF THE TEST 
The test may be used: 

1. To determine how secondary school pupils in grades from 
nine through twelve react to situations such as are typified 
in the test or, more specifically, to determine the amount 
of “Scientific Attitude’ possessed by individual pupils 
and groups of pupils as measured by the test. 








770 SCHOOL SCIENCE AND MATHEMATICS 


2. The amount of change in reaction of the same group may 
be determined from the beginning of a course in general 
science to the completion of the semester or the year’s 
work in the subject. 

A comparison of reactions found in certain grade levels 
may be made with other grades. 

4. Comparisons may be made between pupils majoring in 

different subject fields. 
5. The above comparisons may be made on the college level. 


, 
ae 
. 


The writer is eager to receive comments, criticisms and sug- 
gestions as to the improvement of the test and its possible 
utilization. 


SIX ELECTRONS PER SECOND 


If a wire is carrying a direct current of one ampere then electrons are 
passing through any cross-section of it at the rate of about six billion 
billion per second. In the ordinary 40 watt light bulb, the stream is effec- 
tively four-elevenths as large. When current is measured by a milliam- 
meter, a unit increased in the reading means an increase of six million 
billion electrons per second. A galvanometer of the D’Arsonval, that is 
moving-coil, type such as would be found in many high-school labora- 
tories, will give a deflection of one millimeter at a distance one meter from 
its mirror when the current through the galvanometer is about one 
billionth of an ampere, corresponding to a stream of six billion electrons 
per second. 

One way of measuring smaller currents is to amplify them by a vacuum 
tube. The current to be measured is then supplied to the input of the tube 
circuit; and a current, larger by a definite number of times, is derived as 
the output. Great difficulty, however, is experienced in the measurement 
of very small currents, such as the ionization currents produced by cosmic 
rays, the currents in photoelectric cells exposed to stellar radiation and 
the currents established between electrons in living tissues; but these cur- 
rents are today of great importance in many researches. 

To permit the measurement of minute currents there has been developed 
in Bell Telephone Laboratories a new vacuum tube that is capable of 
detecting a current flow of as little as six electrons per second (107"* 
ampere). The tube acts like an ordinary amplifier but it is designed so 
that its sensitive grid is protected from all currents other than the one to 
be measured. Leakage currents are reduced to a minimum by careful in- 
sulation. Positive ions from the filament are opposed by an extra grid, a 
“space charge grid.”’ Ionization of gas in the tube, photo-electric emission, 
the generation of x-rays and “primary emission”’ of electrons from the 
grid are reduced by the carburization of the grid, by using low voltages for 
operation and low power in heating the filament. When the tube is oper- 
ated for its utmost sensitivity it is placed in a vacuum, protected from 
mechanical vibration and shielded from light and also from electrical and 
magnetic fields. Because of its use in ionization experiments to replace the 
usual electrometer, it is sometimes described as an “electrometer tube.” 


























METHODS OF TEACHING THE SPECIAL 
PRODUCTS AND THEIR FACTORS 
IN NINTH GRADE ALGEBRA’ 


By EvizABetu G. HOWLAND 
Alcott School, Chicago, Ill. 


Inasmuch as there seems to be little agreement among modern 
writers of textbooks in the field of ninth grade algebra as to 
what is the best procedure in teaching the special products and 
the factoring of them, it was assumed by the writer that the 
results of an attempt to measure the efficiency of two methods of 
teaching them would be of value to teachers of algebra. 

The term “separate method,” is used [to describe the teach- 
ing procedure wherein the three special products are taught one 
after the other and the factoring of each is then studied in turn. 
The term, ‘“‘together method” is used to describe the method 
used when the teaching of each special product is followed im- 
mediately by the teaching of the factoring of that product be- 
fore the study of the next special product is begun. 

Two groups of forty-two pupils each were selected by means 
of the Otis Self-Administering Tests of Mental Ability, Higher 
Form A. One was taught by the “‘separate’’ method and the 
other by the “‘together’’ method, after this to be respectively 
designated as the “‘S”’ and “‘T”’ groups. 

The table below indicates the status of the two groups. 

TABLE I 
COMPARISON OF “‘S’”’ AND ““T’’ Groups ON Basis oF 1.Q. 

















Group | “Ss” | —" 
Median 94 95 
Q.D. 6.75 | 7.5 





Table I makes it clearly evident that the two groups were 
similar in intellectual ability though the ‘“‘T” group showed a 
somewhat wider spread. 

The teaching material was identical for each group and was 
taken from the algebra textbooks for ninth year by Schorling 
and Clark? and from the Strayer-Upton Junior Mathematics.’ 


1 Howland, Elizabeth Gray, ““A Study of the Separate Versus the Together Method of Teaching 
the Special Products and Their Factors in Ninth Year Algebra.” Unpublished Master’s Thesis, De 
Paul University, Chicago, Illinois, August, 1932. 

2 Raleigh Schorling, John R. Clark, Modern Algebra—9th School Year, World Book Co., N.Y. 1929 
pp. 138-163. 

3 Clifford Brewster Upton, Strayer-U plon Junior Mathemati 
pp. 99-122. 


American Book Co., N.Y. 1930. 
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Ten tests were given each group, three being tests on the in- 
dividual types of products, three on the individual types of 
factoring, a final test on the products, a final test on factoring 
and a long interval test of retention value on the products as 
well as one on factoring. The first eight tests, which were used 
to measure immediate learning were taken from the Unit Work- 
book in Algebra by Stone and Georges.‘ The long interval tests 
were from Diagnostic Tests and Remedial Drills in First Course 
Algebra by Hart.° 

When each type of special product and factoring was learned 
a test was given on that type. The results of each of these six 
individual type tests on the products and on factoring were first 
tabulated and compared from the standpoint of median scores 
and quartile deviations. Then a table of composite frequencies 
of scores of the final tests and the long interval tests on the 
products and the factoring of them were treated in the same 
way. Seven weeks elapsed between the final end of unit tests 
and the long interval tests. A comparison of these results is 
shown in Table II. 

TABLE II 


A TABLE OF MEDIAN SCORES AND QUARTILE DEVIATIONS OF COMPOSITE 
Scores OF Tests OF IMMEDIATE LEARNING, OF FINAL Com- 
PLETION OF Unit TESTS AND OF LONG INTERVAL 
TESTS OF RETENTION 

















| Products | Factoring 
Scores i-— — -_ 
| a ar 
Median of Composite Scores on 
Tests on Immediate Learning 90 90 95 | 100 
Median on Final Tests 80 95 80 | 75 
Median on Long Interval Tests 90 80 90 | 95 
Q.D. of Composite Scores on Tests 
of Immediate Learning 7.5 7.5 12.5 | 5 
Q.D. of Final Tests 15 5 18.75 | 12.5 
Quartile Deviation of Long Inter- 
val Tests 15 10 5 | 5 














From the table it can be seen that on the tests of immediate 
learning of the special products and on the long interval tests of 
factoring neither method can be said to be definitely superior 
to the other. The 5 point higher median obtained by the “T”’ 


4C. A. Stone, J. S. Georges, Unit Workbook in Algebra, Allyn and Bacon, Boston, 1931 
’ Walter W. Hart, Diagnostic Tests and Remedial Drills in First Course Algebra. D. C. Heath 
and Co., Boston, n.d. 
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method on the long interval test of factoring is not especially 
significant as the quartile deviation for both methods is iden- 
tical. 

On the immediate learning tests on factoring and on the final 
tests on the special products the “‘T’’ method appears to be 
definitely superior, the median for that group being 5 and 15 
points higher and the spread of scores being 7.5 and 10 points 
lower respectively on these two tests. 

On both the final test on factoring and the long interval test 
on products the “‘S’’ method group obtained a 5 and a 10 point 
higher median score respectively but the ‘‘T’’ method showed 
a 6.25 and a 5 point respectively greater degree of unity on 
these scores. The gain made by the “S” group on the median 
scores therefore seems to be offset by the lower quartile devia- 
tions of the ‘‘T”’ group on these types of tests. 

From these data it seems valid to conclude that the “T” 
method shows slightly better results as has been shown, on the 
immediate learning of factoring and on the final tests on the 
products. This superiority would be more significant if both 
tests in which the “‘T”’ scores were superior to those of the ‘‘S”’ 
had been either finding the products or on factoring. 

After this, comparisons were made of the showing made by 
each method on the six individual type tests in terms of the high 


TABLE III 


A COMPARISON OF HIGH AND Low SCORES ON THE COMPOSITE OF 
INDIVIDUAL Type Test SCORES, THE FINAL TEsT, 
AND THE LONG INTERVAL TEST 





| Gain or loss of 


. | . . . 
Type of Scores Scores | high scores as 
Test 100-90 70-below compared to 


| low 


















































Group Product| Factors | Product| Factors | Product| Factors 
Composite —_ 83 82 19 25 +64 +57 
Individual : ; os eae a 2 
Test —— 83 94 19 12 +64 +82 
Final Test at | “S” | 14 15 14 17 sl =s 
Completion ee — 
of Unit “— 33 5 3 20 +30 —15 
Long Inter- _ 21 33 13 2 + 8 +31 
val Test of - ee ne 
Retention | “T”’ 17 32 13 | 5 +4 +27 
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and low scores obtained from a table of composite frequencies 
on these individual tests, with the high and low scores obtained 
in the final and long interval tests by both groups on finding 
products and factoring them. These data are shown in 
Table III. 

When the composite of frequencies of scores on the individual 
type tests of immediate learning is compiled it can be seen that 
both methods obtained the same net results in learning the 
products. The “T” group was decidedly better in learning to 
factor. 

On the final tests given at the completion of the unit the 
““T” group was definitely better on learning the products but 
worse on the learning of factoring. Again, the gain of one 
method is offset by the gain of the other in this group of tests. 

The ‘‘separate’’ method obtained a greater number of high 
scores on the long interval test of retention on both the products 
and the factoring tests than did the “‘together’’ method. As the 
retention of learning is of more practical value in the further 
study of algebra this gain of the separate method on the test 
for retention at least nullifies the gain made by the “‘together’”’ 
method on the test for immediate learning values of factoring. 

From the data shown by comparing the median scores and 
quartile deviations and by comparing the high and low scores 
produced by both groups, the conclusion seems inevitable that 
the final results obtained by either method of teaching the 
special products and their factoring are of practically equal 
value. 

Finally a study was made of the various types of errors found 
on the final and long interval tests to find the number of errors 
made in process as an added indication of the relative value of 
the two methods. The results in terms of percentage of total 
errors made, are shown in Table IV. 

The significant fact shown by Table IV is the high percent- 
ages of errors of computation found in the two review tests on 
the products. Most of these errors occurred in finding the sum 
of the cross products and in the multiplication of fractions. Here 
again the method of teaching seems to have had a negligible 
effect on the percentage of this type of error found in the four 
tests. The greatest difference is found in the 20% of errors in 
computation made by the “S” group in the long interval test 
of factoring, as against the 6.7% of that type of error made in 
the same test by the “‘T” group. This would seem to be due to 
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factors such as carelessness or haste, rather than to the superior 
efficacy of the “‘together’’ method. 


TABLE IV 
PERCENTAGES OF TYPES OF ERRORS MADE BY THE “S”’ AND ““T’”’ Groups 
ON THE FINAL AND LONG INTERVAL TESTS ON THE 
SPECIAL PRODUCTS AND ON FACTORING 





Final Test 





Long Interval Final Test | Long Interval 




















Products Tests Products Factoring | Test Factoring 
Tene “Sie ie 5 8 oe ee ee oe 
Process 39.8 | 36.7 | 57.8 | 50.5 | 82.6 | 90.8] 25.0 | 30.0 
Computation 26.7 | 25.5 | 23.0 | 32.3 3.9 3.5} 20.0 6.7 
Decimal 9.1)13.3} — -— —- —|— _— 
Exponents 14.0 | 20.4) 9.6) 5.4 2.8 2.1) 20.0 | 13.3 
Signs 10.4] 4.1 9.6} 11.8] 11.1 3.6} 35.0 | 50.0 
Total 100 =|100 =|100 100 |100 {100 {100 = |100 

















In the final and long interval tests the ‘‘T’’ groups made 
36.7% and 50.5%, respectively, of their errors in the process 
used, as against the 39.8% and 57.8% made by the “S” groups 
in those tests. This might be interpreted in favor of the ‘‘to- 
gether” method of learning the special products, but the dif- 
ference is not of great significance. On the other hand, the 
group taught by the “separate’’ method made 8.6% and 5% 
fewer process errors on the first and second tests on factoring 
than did the “‘T”’ group, so that we are forced to the conclusion 
that the superiority of the “together” method in teaching the 
special products is offset by the slight gain made by the “sepa- 
rate’ method group on the tests on factoring. The surprisingly 
fewer process errors made by both groups in the long interval 
test on factoring than in the final test, as against the increased 
number of process errors made by both groups in the long in- 
terval test over process errors made in the final test may be 
caused by there having been more factoring than multiplication 
in the units on algebraic factoring which were studied in the 
period between the final and long interval tests. 

It is, therefore, apparent that the number or type of errors 
made in these tests were not appreciably affected by the method 
of teaching used. 

From the data thus obtained the following general conclusions 
were reached: 

1. Neither method seems to be consistently superior either 

for finding the products or for factoring them. The slight 
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gain apparently made by one method in one test on prod- 
ucts or on factoring is offset by a slight gain made by 
the other method in another test. In several of the tests 
no difference of any significant degree was apparent. It 
would seem therefore that the total findings of this study 
justify the conclusion that there is negligible difference in 
the results obtained by either the “separate” or “‘to- 
gether’ method of teaching the special products and the 
factoring of them. 

2. While fewer process errors were made by the “‘together’”’ 
group on the final and long interval tests of products the 
“separate” method group made fewer process errors in 
those tests on factoring. Again, one gain offsets the other. 
3. Apparently not enough time elapses between the learn- 

ing of the products and factoring them by the “‘separate”’ 
method to invalidate the findings of educational psy- 
chology that teaching is most effective when as short a 
time as possible elapses between learning and application. 

The foregoing conclusions do not justify any recommendation 
as to the higher efficiency of either method of teaching the 
special products and the factoring of them. 

It is recommended however, in view of the high percentage of 
errors in arithmetical computation and in the placing of the 
decimal point in the tests on the special products, that some 
time of the algebra class be spent on drills on the type of 
arithmetical computation needed for algebraic multiplication 
and on the proper placing of the decimal point. 


LEAF SKELETONS 


By RoBERT J. HILGERS, 
St. Thomas Military Academy, St. Paul, Minn. 


The teaching of the plant circulatory system in high school 
biology or general science can be greatly facilitated with the aid 
of various leaf skeletons. Students are impressed to no small 
degree when they observe the delicate and lace-like set of veins 
which exists in every leaf. 

Unfortunately, leaf skeletons are difficult to prepare and it is 
difficult to find specimens already prepared by nature. When 
we collect them they are usually somewhat broken or else only 
partially skeletonized. They can be prepared by placing dead 
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leaves in water, keeping them at a favorable temperature, and 
leaving the rest of the work to the bacteria. But this is a slow 
process and not very desirable. 

Almost perfect leaf skeletons can now be prepared in the 
laboratory, and in a very short time, by simply feeding the 
dead leaves to a group of hungry snails. This can easily be done 
by placing the dead leaves in a small aquarium containing five or 
six common pond snails. It takes but a week or two before the 
snails will have completely eaten everything from the leaves 
except the veins. The rasping tongue of the snail seems to be 
strong enough to break down the tissue between the veins, 
but not strong enough to cut the veins themselves. The leaf 
skeletons which remain are almost perfect as can be seen from 





the accompanying photographs. The black spots on the photo- 
graph of the poplar leaf, do not show up on the skeleton itself. 

The poplar leaf seems to be the easiest to work with; however, 
the elm leaf and the maple leaf will produce equally as favor- 
able results. Leaves with a thick cuticle such as the oak leaf, 
seem to be too tough for the snail to bite through and skeleton- 
izing in these cases is a slow job. However with a larger species 
of snail or some other changes this too might be accomplished. 

Preparing leaf skeletons does not only provide the teacher 
with additional visual aids for his classes but should also give 
him a new idea for project work. The process is simple and gives 
excellent results, and can easily be performed by the students. 








ANNUAL MEETING EASTERN ASSOCIATION 
OF PHYSICS TEACHERS 


One Hundred Thirty-third Meeting 


BROOKLINE HIGH SCHOOL 
Brookline, Mass. 
Saturday, May 23, 1936 


PROGRAM 

9:30 Meeting of the Executive Committee. 

9:45 Business Meeting. 
Report of the Secretary. 
Report of the Treasurer. 
Report of the Committee on Current F vents. 
Report of the Committee on Magazine Literature and New 

Books. 

Report of the Committee on College Entrance Requirements. 
Report of the Nominating Committee. 
Election of Officers. 

10:15 Address of Welcome. Mr. W. H. Ringer, Principal, Brookline 
High School. 

10:30 Address of the Vice-President. Mr. Robert W. Perry, Malden 
High School. 

11:15 Exhibition and Demonstration of New Apparatus. Mr. Joseph M. 
Arthur, St. Mark’s School, Chairman. 

12:00 Luncheon at Brookline High School Cafeteria. 

1:00 Inspection of the new laboratories of the Brookline High School. 
1:30 Address: Tricks of the Trade in the Teaching of Physics. Mr. 

John C. Packard, Brookline High School. 

The Brookline High School is located on Greenough St., one block from 
Cypress St. The Brookline Hills Station of the Riverside Branch of the 
Boston and Albany Railroad is nearby. Cypress St. and Chestnut Hill 
buses of the Boston Elevated Railway may be boarded at Kenmore Square 
by transfer from the subway, and left at Cypress St. Walking to the right 
on this thoroughfare, one should take the first street to the left after cross- 
ing the railroad bridge. This leads directly to the schoo] at the far end of 
the playground. 

The price of the luncheon will be fifty cents, and requests for reserva- 
tions must be in the mails not later than Tuesday, May 19, addressed to 
Mr. Carroll H. Lowe, Brookline High School, Brookline, Mass. 

Mr. Packard needs no introduction to the members of this Association. 
His long service as a teacher of Physics and as an energetic member of the 
Eastern Association of Physics Teachers is known to all. His resourceful- 
ness as a designer of apparatus and his reputation as a speaker make it 
certain that every Physics teacher, whatever his experience, will be bene- 
fited and entertained by his talk. He has many “tricks of the trade’ to 
show us. 

Vice-President Perry is another of our energetic members who has taken 
his profession seriously and has ever been on the alert for new devices to 
make his work more effective. That his address will be of practical interest 
seems assured. 

All will want to see the new science suite at the Brookline High School, 
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built according to the designs of Mr. Packard. No detail has been over- 
looked, making these some of the finest secondary school science class- 
rooms and laboratories. 

Members are urged to extend to all who might be interested a cordial 
invitation to join us in this meeting and to become members of our organ- 
ization. 





OFFICERS OF EASTERN ASSOCIATION OF PHYSICS 
TEACHERS 


President, LAWRENCE A. Howarp, High School, East Boston, Mass. 
Vice-President, ROBERT W. PERRY, High School, Malden, Mass. 
Secretary, WILLIAM W. OBEar, High School, Somerville, Mass. 
Treasurer, PRESTON W. Smiru, 208 Harvard St., Dorchester, Mass. 


ANNUAL REPORT OF THE SECRETARY 
The three regular meetings this year have been held as follows: 
The 131st at the Newton High School, Dec. 14, 1935 
132nd at the Winsor School, Boston, March 21, 1936 
133rd at the Brookline High School, May 23, 1936 


The programs have maintained our customary high standard and the 
attendance has been unusually good. 

There have been three industrial trips which were well attended and 
proved to be very interesting. 

May 25, 1935 to the East Boston Airport 

Jan. 18, 1936 to the Air Reduction Plant at Dorchester 

April 11, 1936 to the Simplex Wire and Cable Co., Cambridge 

Our membership today is 144, consisting of 113 active members, 29 
associate members and 2 honorary members. 

We have an organization which is of value to every teacher of Physics. 
It is friendly as well as professional. Members who attend the meetings but 
seldom are missing much of inspirational value as well as parts of pro- 
grams which the printed reports cannot bring to them. 

Urge your friends to come to all the meetings. 

Respectfully submitted, 
Wiu1aM W. OBEAR, Secretary 


TREASURER’S REPORT FOR 1935-36 





ne De RE OE 0 i's 5 on din canedsedeseseeseed ine $346.99 
Sch. Sci 
Receipts: Dues 1934-35 Act. $ 9.00 $ 3.00 
Assoc. . . 3.00 
1935-36 Act......... 104.00 201.00 
Assoc. .. 28.00 27.00 
$144.00 $231.00 $375.00 
Ene ey Sere eee ny ee 4.30 379.30 
$726.29 
Expenditures: 
Printing & stationery... , .. $30.25 
Postage & clerical expenses 
| ES ree 29 .28 
Treasurer. . 26.05 
Salary of Secretary 50 .00 
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Expense of meetings. ev és 17.25 $152.83 
School Science $233.00 $385.83 
Balance forward . , ORE ee eee $340 .46 
ASSETS 
Arlington National Bank (checking account)....... $218.19 
Charlestown Five Cents Savings Bank. . . 117.22 
ee ge Ree a ge , 5.05 
$340 .46 
CHANGES IN ASSETS 
Gain Loss 
1925-26 — - $184.17 
; 26-27 76.79 
Reports printed co ere $ 5.23 
* . >” — a#O. + ee 
by E.A.P.T. 1928~29 16.27 
1929-30. 129.09 
1930-31... : 18.37" 
1931-32. ! 38.26 
Reports printed | 1932-33 0.00 0.00 
in 1933-34 17 .86 
School Science | 1934-35 19.26 
1935-36 6.53 


* Secretary’s salary of $50.00 was not paid in 1929-30 and was paid 
twice in 1930-31. 
MEMBERS PAYING DUES FOR YEAR 


1925-26 146 

1926-27 147 

1927-28 143 

1928-29 148 The dues are listed not under the year 
1929-30 150 during which paid but under the year 
1930-31 166 for which paid. This gives an accu- 
1931-32 166 rate picture of the membership year 
1932-33 147 by year. 

1933-34 137 

1934-35 136 

1935-36 132 


Respectfully submitted, 
PRESTON W. Situ, Treasurer 
The Treasurer’s report has been examined and found to be correct. 
H. D. Hatcu, Auditor 


It was voted to accept the reports of the Secretary and Treasurer. 

President Howard expressed his appreciation to members of commit- 
tees for the work which they have done this year. 

Mr. Harlow E. A. Lozott of the South High School, Worcester, Mass., 
was elected an active member and Prof. Glenn A. Shook of Wheaton 
College was elected an associate member. 

For the Committee on College Entrance Requiremerts Mr. Cushing 
reported that he had received a letter from Mr. Fiske, Secretary of the 
College Entrance Examination Board, acknowledging receipt of a copy 
of the recommendations adopted at our 132nd meeting and stating that 
they had been referred to the proper committee. 
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The nominating committee, Mr. Fred Miller, Mr. James Dyson and 
Mr. William Rice, presented the following candidates and they were 
elected to serve for the ensuing year. 

President: LAwRENCE A. Howarp, East Boston High School. 

Vice-President: Ropert W. Perry, Malden High School. 

Secretary: WrLt1AM W. OseEar, Somerville High School. 

Treasurer: PRESTON W. Smiru, 208 Harvard St., Dorchester, Mass. 

Executive Committee: GEorce H. Cotman, Gloucester High School, 
Winturop S. Drury, Middlesex School, Concord, and Everett J. Forp, 
English High School, Boston. 

It was voted to extend the thanks of the Association to all those in 
the Brookline school system who helped in making this so successful a 
meeting. 


REPORT OF COMMITTEE ON MAGAZINE LITERATURE 
AND NEW BOOKS 


Mr. Car W. Staples, Chelsea High School, Chairman 
Mr. KENNETH L. Gopinc, Attleboro High School 
Mr. Tuomas C. BarLey, Hartford Public High School 


NEW BOOKS 


Cosmic Rays Thus Far, by Harvey Brace Lernon. Norton, Publisher. 128 
pages. $2.00. An historical development of Cosmic radiation up to March 
1936. Pleasant reading and very easily understood. 

Electricity in the Home and on the Farm, by Forrest B. Wright. Wiley, 
publishers. 320 pages. $2.50. Very readable. Gives detailed information on 
how to be your own electrician. A worth while book for physics teachers. 

Unified Physics, by Fletcher-Mosbacher, and Lehman. McGraw-Hill, 
publishers. 662 pages. $1.80. A new textbook for high school use. Well 
written in plain simple style. Numerous diagrams, photographs and prob- 
lems. Summary at end of each chapter. Completion summaries. Worthy 
of consideration in changing textbooks. 

New Elementary Physics, by Millikan, Gale, and Coyle. Ginn and Co., 
publishers. 637 pages. $1.80. A new edition in which James P. Coyle, 
M.A. Head of Dept. of Physics, Lane Technical High School, Chicago, has 
collaborated with the original authors of the book. 

Numerous new illustrations. New knowledge and new applications of 
old knowledge presented in a simple way. 

For those who like the unit system the book has been rearranged in 
seven units based on the natural subdivisions of physics. Optional topics 
indicated by distinguishing mark. 

New World Picture, by George W. Gray. Little, Brown, & Co. (The 
Atlantic Monthly Press) 1936. 402 pages. $3.50. A survey of present 
Physics. (See review in Technology Review, May 1936. P. 335-5.) 

Uses of Non-Ferrous Metals. Edited by Dr. C. H. Mathewson. Pub- 
lished by Am. Inst. of Mining and Metallurgical Engineers. $3.00. A com- 
prehensive survey of non-ferrous metallurgical industries from consumer’s 
point of view. 

Minerals Year Book for 1935. Published by Bureau of Mines. 1,293 
pages. $2.00. Obtainable from Supt. of Documents, Washington, D. C. 
Covers production of metals in U. S.; ferrous, non-ferrous, and rare and 
metallic minerals. A standard reference work. 


MAGAZINE LITERATURE 
Aesthetics 
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“Science and the Fine Arts,’”’ by Ralph G. Hudson, “Does Technical Edu- 
cation Debase Esthetic Appreciation?’ Technology Review, May, 
1936. P. 339. 


Astrophysics 
“Odd Exhibit to Show Earth in Space; Cosmosarium Planned for World’s 
Fair, N. Y.,” Popular Science, April, 1936. P. 33. 


Atomic Physics 
“Atoms and Cosmic Rays Yield New Science Knowledge,” Science News 
Letter, April 25, 1936. P. 272. 


Automobiles 

“Air-Conditioned Motor Vehicles,” Scientific American, March, 1936, 
P. 150. 

“Dope on Future Cars,” Automobile Trade Journal, April, 1936. P. 43. 


Aviation 

“Two Historic Flights’ (Soberg’s “Leiv-Eiriksson’”’ Voyage, and the 
Anderson-Stevens Ascent of 72,395 ft.), by John Goldstrom, Th 
American Scandinavian Review, Spring, 1936. 

“Wonders of the ‘Hindenburg’s’ Flight; Power and Vision,’ London /I- 
lustrated News, April 25, 1936. P. 709. Illustrations. 

“The Hindenburg Zeppelin Inaugurates Transatlantic Air Travel,” 
Diesel Power, May, 1936. P. 290-293, Contains measurements, data, 
plans, etc. 

“Transatlantic Flying Cigar; Germany’s Newest Zeppelin, Hindenburg,”’ 
Literary Digest, April 4, 1936. P. 14. 

“The Discovery II’s Dramatic Rescue of the Trans-Antarctic Flyers Lost 
on the Polar Ice Barrier,”’ Illustrated London News, March 7, 1936. 
P. 410-11. 

“Better Lubrication by Centrifugal Action,’ by A. Klemin (with dia- 
grams), Scientific American, April 1936. P. 201. 

“De-icing the Propeller,” by A. Klemin (with diagrams), Scientific Amer- 
can, April, 1936. P. 200. 

“Douglas Sleepers,” by A. Klemin, Scientific American, March, 1936. 
P. 147. 

‘Standardized Supership,”’ Time, March 30, 1936. P. 54. 


Biophysics 
“Tracing Life Force to Electricity,’ Literary Digest, February 29, 1936. 
P. 30. 


Elasticity 

“Elastic Vibrations of Quartz,’”’ by G. W. Willard, Bell Laboratories 
Record, April 1936. P. 250-254. 

Electricity 

“An Inexpensive Electrical Conductivity Apparatus,’’ SCHOOL SCIENCE 
AND MATHEMATICS, April, 1936. P. 364. 

““Self-Opening Doors,” Literary Digest, March 7, 1936. P. 31. 

“New Constellations on the Old White Way,” by M. Berger, New York 
Times. P. 12-13, March 29, 1936. 

“Simple Electrical Testers Anyone Can Use”’ (Diagrams), Popular Me- 
chanics, March 1936. P. 433. 

Gases 

“Carbon Dioxide in its New Field of Usefulness” (Illustrated), by J. C. 
Goosm, Ice and Refrigeration, April 1936. P. 289. 
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“An Experiment with Airflow and Drag,’’ ScHoot ScrENCE AND MATHE- 
matics, April, 1936. P. 383. 

“When the Barometer Goes Up it Goes Down,” ScHooL SCIENCE AND 
MatHemartics, April 1936. P. 409. 

“A Boyle’s Law Tube,” ScHoot ScreENcE AND MATHEMATICS, April, 1936. 
P. 410. 


Geophysics 

“Amateur Seismology” (Mrs. M. M. Seeburger describes her present 
equipment and station, the Des Moines Seismological Station), by 
A. G. Ingalls, Scientific American, April, 1936. P. 194-5. 

“Laboratory Earthquakes,’’ Scientific American, March, 1936. P. 144. 


Heat 

“Tce Storage Plant Provides Artificial Weather for Moving Pictures” 
(Refrigerated Stage), by Mel Wharton (Illustrated), Jce and Re- 
frigeration, April, 1936. P. 263-4. 


Hydraulics 
“Das Zuiderseewerk,” by Kamp, Deutsche Rundschau, April, 1936. P. 
1-11. Illustrated. 


Light and Optics 

“Mirror Starts Long Siege of Having its Face Rouged,’’ Science News 
Letter, April 25, 1936. P. 268. 

“Modern Airport Beacon Provided with Three Lens Systems,” by A. 
Klemin, Scientific American, April, 1936. P. 201. 

“Making Light Rays Travel the Straight and Narrow Polaroid,” News 
Week, February 8, 1936. P. 35. 

“Telescope Glass for Cooking,” Scientific American, April, 1936. P. 198. 


Magnetism 
“High Permeability and Plastic Flow in Magnetic Metals,” by Joy F. 
Dillinger, Bell Laboratories Record, April 1936. P. 265-269. 


Matter 
“The Mystery of Matter,’’ by J. W. N. Sullivan, Atlantic Monthly, May, 
1936. P. 629-636. 


Meteorology 

“Fog in the United States and Adjacent Regions,’’ by Robert G. Stone, 
Blue Hill Observatory, Harvard, Geographical Review, January, 1936. 
P. 111-134 (with maps). 


Photoelectric Cells 
“Traffic Control by Light-Ray. The First System of its Kind,” Jllustrated 
London News, April 11, 1936. P. 635. 


Photography 

“Shooting in the Dark; Stage Photography” (tab), Popular Mechanics, 
April, 1936. P. 562-4, 

“Try Your Hand at High Speed Action Photos” (with diagrams), Popular 
Mechanics, March, 1936. P. 438-43. 

“Photo-Enlarger Has Uniform Illumination,” by A. Trauffer (with dia- 
grams), Popular Mechanics, May, 1936. P. 781-3. 

“Polarized Light Works Magic for Camera Man,’ Popular Mechanics, 
March, 1936. P. 412. 


Radio 
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“New Swedish Radio Beacon,” by H. Lundbergh, Scientific American, 
March, 1936. P. 148. 

“Mysterious Interference; the Shadow,”’ by M. L. Muhleman, Scientific 
American, February, 1936. P. 100. Also discussion, March, 1936. P. 
159. 

“Simple Amateur Radiophone for 160 Meters,”’ by C. F. Hadlock (dia- 
grams), Popular Mechanics, April, 1936. P. 584. 


Radioactivity 
“Radium E,”’ Time, Feb. 17, 1936. P. 57. 
“Making Real Radium,” Literary Digest, Feb. 15, 1936. P. 33. 


Railways 

“Recent Progress on Indian Railways,” by V. P. Bhandarkar, The A siatic 
Review, January, 1936. P. 145. 

“Steady Rise in Locomotive Tractive Power”’ (tables), Scientific American, 
March, 1936. P. 164. 


Robots 

“Automates et Mecaniques,” Le Monde Iilustré, April 4, 1936. P. 294. 

Rockets 

“Air Mail by Rocket?” by A. Klemin, Scientific American, April 1936. 
P. 202. 


“Rocketeer,”’ by R. H. Goddard, American Magazine, March, 1936, p. 45. 
» DJ g I 


Sound 
“Electric Pipeless Organ has Millions of Tones”’ (with diagrams), Popular 
Mechanics, April, 1936. P. 569-71. 


Steamships 

“Power Queen of the Seas” (The “Queen Mary’’) (plans and data), 
Power, May, 1936. P. 255. 

“Hazards of the ‘Queen Mary’s’ Passage Down the Clyde to the Sea,”’ 
Tilustrated London News, Mar. 14, 1936. P. 444-5. (Also in same issue 
pictures on board. P. 446-449.) 

“Maiden Trip of the ‘Queen Mary,’ ” Jilustrated London News, Mar. 28, 
1936. P. 533 (Also p. 551-55). 


Stratos phere 

“Scientific Results of the Stratosphere Flight’’ (with 15 illustrations), by 
Capt. Albert W. Stevens, National Geographic Magazine, May, 1936. 
P. 693-714. 

Television 

“Television’s Status,’’ Scientific American, March, 1936. P. 121. 


“Das Fernsehen in Deutschland,”’ Jllustrierte Zeitung (Leipzig), March 12, 
1936. P. 333-335. 


Textiles 
“$7,500,000 Damage to New England Mills by Flood,” Textile World, 
April, 1936. P. 82. 


REPORT OF COMMITTEE ON CURRENT EVENTS 
Mr. W. S. Drury, Middlesex School, Chairman 
Cambridge Tries Trolley Coaches 
Cambridge views with interest the six new trackless trolley coaches put 
in service in April by the Boston Elevated Railway. Part have Westing- 
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house motors, the others General Electric. Two motors, one on each rear 
wheel, provide smooth, fast acceleration, while 17 notches on the control 
handles permit various speeds up to around 38 mph. One motor alone can 
drive the coach if necessary. 

With a latera] range of 14 feet from the overhead wires, the coaches can 
avoid obstacles, or swing around street repairs. Coaches which should hap- 
pen to run too far from the wires must in general be pushed or towed back 
to the line. Storage batteries are provided on some so that they can go 
moderate distances under their own power, but this emergency feature is 
not necessarily desirable, because the cars having it must be registered 
and taxed as motor vehicles. 

An interesting attachment is the radio static eliminators on the roof 
which prevent interference with nearby receivers. The poles also have 
retrievers which pull them down instead of letting them fly up in case they 
run off the wires. 

In the rest of the country this comparatively new form of transportation 
finds increasing markets. Practically unknown in the U. S. before 1927, 
these flexible units now total over 600 in operation, with many more on 
order. Portland, Oregon, alone is getting 120. 

San Francisco’s hilly streets are being efficiently served by eight of the 
trolley coaches, the first to have dynamic braking. This method, by which 
the primary of the motor is disconnected from the line and energized by 
means of direct current, causes the motor to run as a generator and exert 
a braking torque. With the dynamic brake, which is independent of the 
mechanical air brakes, these coaches can be held on a 12% grade to 30 
mph on the first control point, and to only 8 mph on the fifth point. 


Boston May See Stars 

A bill which, if enacted, will permit the Commonwealth of Massachu- 
setts to convey to the Boston Society of Natural History land to be used 
for the construction of a planetarium has been ordered to a third reading 
in the Senate. Petitioned by Dr. Edward Wigglesworth, director of the 
museum, the measure seeks the release of land between Boylston and 
Newbury Streets, already occupied by the museum, for the proposed 
planetarium. 


Faster Photos 

‘Wired photos” are the latest installation of various Boston newspapers 
to insure speedier news service. The feature of the process which is new is 
that the transmitting unit is now made portable, weighing only 60 pounds 
and fitting into a suitcase, and that it can now be hooked onto any tele- 
phone transmitter, thus increasing tremendously the scope of the familiar 
telephotograph process. Power can be supplied by an automobile battery 
for the motor, light, and amplifying unit of the transmitter. No direct con- 
nection with the telephone line is necessary, but instead a metal band 
hung over the bell box provides inductive coupling. 

With the use of a portable ‘‘dark room” and the “‘wirephoto”’ transmit- 
ter, the news photographer under ideal conditions can now have a finished 
print back at the home office twenty minutes after the picture was taken, 
and from any distance. 

Nantucket Gets New Lightship 

Number 112, the finest and most complete lightship in the world, is 
now at the Chelsea Lighthouse Depot being fitted out for her post at 
Nantucket Station. At this most important lighthouse station in the 
world, situated in the center of the inbound steamer lane from Europe to 
New York, she will take the place of Number 117, sunk two years ago by 
the Olympic. 
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Special precautions have been taken in her construction to guard against 
damage by collision. An arrangement of tanks within the hull provides 
almost continuous double sides from the shell plates to the main deck. 
Number 112 has also been equipped with a large number of exits to the 
main deck to assure the crew a quick means of escape in emergency. 

High power electric lights will be at the mastheads. A powerful com- 
pressed air fog signal, a class A radio beacon, a submarine oscillator, and 
a short-range warning radio beacon will all help to give her exact location 
to incoming boats. 

With special permission, visitors to the Depot may go over her and see 
these interesting points before she goes out to her post late in June. 


Eclipse Expeditions Started 

Ten tons of scientific equipment have already been shipped to Russia by 
the Harvard-M.I.T. and the Georgetown-National Geographic Society 
expeditions in preparation for the total solar eclipse of June 19. Most of the 
scientists also have left for preliminary work and tests. 

Photographs made with the finest-grained emulsions which can be en 
larged 500 times, and new infra-red studies of the coronal spectrum are 
among the results hoped for. Direct color photographs by the DuFay 
process and Kodachrome movies of the whole eclipse will also be made. 

Much of the equipment has been made of Dowmetai to minimize weight 
and inertia. M.I.T. has been testing a Dowmeta! spectrograph built spe- 
cially for this trip, the box of which, 12 by 3 by 5 feet, weighs with all its 
equatorial mount less than half a ton. 


Hindenburg 

Among the notable features of the Hindenburg are the engines, the first 
Diesels to be used on airships. These four Mercedes-Benz motors of 1100 
HP each are of a special type designed to run at high speeds, and have the 
added advantage of being reversible. The two 50 HP auxiliary engines for 
generating current are also Diesels. 

This complete absence of spark-ignition engines decreases fire hazard, 
because non-inflammable fuel can be used. To cut down fire danger still 
more, provision has been made to permit the use of relatively small cells 
filled with hydrogen, these to be completely surrounded by large com- 
partments of helium. By this method the explosion and fire danger is 
minimized; and in addition, when gas must be released for maneuvering, 
the readily available hydrogen can be valved out, thus saving the rarer 
helium. The ship is using only hydrogen now. 


Mercury Vapor Developments 

Recent advances in vapor lamps include improved high-intensity mer- 
cury units announced in March by Westinghouse. One type, which dupli- 
cates closely the color and ultra-violet content of sunlight, consists of a 
fused quartz tube about the size of a peanut shell and containing a small 
drop of mercury. High frequency current at high voltage vaporizes it and 
sets up an intensely brilliant and concentrated light. 


Superlux Neon 

Twenty-one lumens per watt, or about forty times the light intensity of 
normal neon signs, is reported for the new ‘“‘Superlux’’ neon tubes made by 
Osram-Phillips Neon, Inc. of Prague, and recently installed there. The 
tube operates with a hot cathode. Similar ones have already been used for 
air-field illumination. 
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Light from a Silver Bowl 

One of General Electric’s newest products is its “‘Silver Bowl” Mazda 
lamp for indirect lighting fixtures. The lower half of each bulb is silvered, 
thus providing its own diffused upward reflection. In installations where 
the reflectors have become dirty or tarnished, these bulbs provide a simple 
method for restoring former brilliance. Sizes from 60 to 500 watts are 
offered. 


More About Lights 

110 G.E. sodium-vapor luminaries comprise the latest large installation 
in this country. These are on a four-mile stretch of boulevard on the out- 
skirts of Rochester, and are in a quiet residential section instead of on a 
busy thoroughfare as has been the usual case in previous installations. 


Double-Deck Train Starts 

What is claimed to be the first successful double-deck train in regular 
passenger service began its runs in April between Luebeck and Hamburg in 
Germany. The train consists of a steam locomotive and two cars, all 
streamlined. 

In one direction the locomotive pulls the cars, and in the other it 
pushes. While the engine is at the rear, the engineer drives from a special 
compartment in the front car, using electrical controls which are connected 
with the locomotive behind. The fireman stays in the engine, and messages 
are carried back and forth by microphone and loud speaker. 

The cars are hung unusually low, permitting each of the two ‘“‘decks”’ 
to have 6} foot ceilings, or the equivalent of many American busses. 


Galvanizing Gets Competitor 

Wire ‘“bethanized” or electroplated with zinc may supersede the 
familiar, hot-dip galvanized type. The Bethlehem Steel Company, which 
began this new process last month, contends that the wire can be treated 
as cheaply as by galvanizing, and that it resists corrosion better and with- 
stands rupture of the coating better under bending or twisting stresses. 

At present the principal application of the new product is for fence wire, 
with the possibility of larger surfaces coated later. 

Radio Sounding Balloons Going Up 

Radio sounding balloons developed last fall by the Blue Hill Observatory 
of Harvard University were first put to actual use from there during 
December. The U. S. Weather Bureau now reports that a similar one re- 
leased by the Bureau of Standards has just made a successful ascent of 
over 15 miles, sending down an intermittent record of weather conditions 
aloft. 

The radio-meteorograph, weighing with batteries only about three 
pounds, can be installed in an airplane or hung from a sounding balloon, 
and automatically transmits, every thirty seconds, records of temperature, 
humidity, and barometric pressure. Through special receiving apparatus, 
the signals are instantly received and recorded on a revolving drum. Satis- 
factory transmissions on the five-meter wave length from the upper air 
can be received at distances ranging up to fifty miles. Thus the airplane 
or balloon may travel great distances from the home station without losing 
contact. 

A knowledge of existing upper-air conditions is known to be of great 
value in making accurate weather forecasts, and frequent flights by such 
balloons would provide the desired information. 

It has also been claimed by two members of the Bureau of Standards 
that cellophane might prove superior to pure rubber for these balloons, 
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The advantages of cheapness, ease of fabrication from “orange peel 
segments, light weight, and definite size and hence definite floating level, 
are asserted. 


Huge Massachusetts Dams Materializing 


Of continuing interest as a construction project is the Quabbin Reser- 
voir, being made in the Swift River Valley by the Boston Metropolitan 
District Water Commission. The two great earth dams can be viewed a 
short distance from Route 9, about midway between Ware and Belcher- 
town. At the main dam, stream control works for diverting the river 
past the construction have been completed; and a caisson wall 122 feet 
down from the river bed to sound ledge is nearly finished. At the second 
dam, or dike so-called, a caisson core wall 129 feet deep from brook bed 
to sound ledge has been completed, and the main embankment is under 
construction by hydraulic fill method. 

The main dam is to be half a mile long, and from the rock foundation 
to the top will be as high as a 25-story building, the elevation above ground 
being as high as a 15-story building (170 feet). The dike is to stretch 2140 
feet, and will rise to the height of 12 stories. It is interesting to note that 
if the material required to build these two dams were to be excavated from 
an area the size of Boston Common, an average depth of excavation of 80 
feet, sufficient to bury a 7-story building, would be necessary. 

The lake backed up by these dams will extend north for 18 miles, or 
almost to Orange and Athol, and will cover about 39 square miles, over 
half the area of Lake Winnepesaukee. The reservoir will average over 50 
feet in depth, so that the largest boats could be navigated from the dam for 
16 miles up the main branch and for over 10 miles up the west branch. 

Water will flow by gravity to Wachusett Reservoir through the already 
completed Quabbin Aqueduct, a 24.6 mile tunnel through solid rock, twice 
as long as the Simplon Tunnel under the Alps and big enough to accomo- 
date a one-man trolley car. 

The filling of the reservoir, which will take several years, will be started 
after the completion of the dam and dike, probably in about four years. 
In the meantime it will be interesting from time to time to visit these 

operations which will do so much to change the topography of central 
Massachusetts. 


Mr. W. H. Ringer, Principal of the Brookline High School gave us a 
hearty welcome to the school. He paid an eloquent tribute to Mr. Packard. 
He stressed the thought that Science contributes to the social subjects and 
that its spiritual values must not be neglected. 


ADDRESS OF THE VICE-PRESIDENT 
RosBert W. Perry, High School, Malden, Mass. 


INTERESTING CLASSROOM EXPERIENCES OF A HIGH SCHOOL 
PHYSICS TEACHER 


What I am going to talk about is the thinking ability of our pupils as 
observed in connection with certain lessons in Physics. Teaching the habit 
of scientific thinking is a really important educational problem. Since I 
have made no scientific study of the matter, I am unqualified to make a 
definite contribution and have therefore avoided any reference to the sub- 
ject in the title. 
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It is always an interesting experience for me to watch a group of pupils 
solve a problem which requires clear thinking. No doubt they do this 
every day, but now and then a situation will develop which seems to afford 
an exceptionally fine opportunity to observe their progress and to judge 
their thinking ability in problem solving. A time where you say to your- 
self, “Now, I’ll find out who can really think.”” Some of these situations 
I have found particularly interesting. 

For example, here is one I learned from our fellow member Frank M. 
Greenlaw. The situation arises during a lesson on resistances joined in 
parallel. We have not yet developed the formula but we have learned by 
experiment that the total resistance of two equal wires joined in parallel 
is half the resistance of one of them. The problem is presented in a series 
of three questions. 


(a) (6) (c) 
/2+ I> (a 


why yw 
en L Saud 
iz 
+ - 


ae 
Total R= ? — Total R=? 


Total R=? 


The correct answers for (a) and (b) are quickly given as 6 ohms and 4 
ohms respectively. It is really fun to watch them work on the solution of 
problem (c). I usually tell them that the correct solution of (c) depends 
upon the proper association of the ideas used in solving (a) and (b). 

By walking around the class and glancing at their papers, I can see what 
progress they are making. The answers 9 and 4.5 are the most popular 
with the guessers and half thinkers. Those answering 9 show complete 
disregard for the previously established fact that the correct answer must 
be less than 6. Those answering 4.5 appreciate that fact but have merely 
juggled the numbers mathematically without clear thinking and they al- 
ways ask if their answer is correct. Within about ten minutes one or two 
pupils are ready and eager to give the correct answer. They know they have 
it. One of them is allowed to show the solution to the class. He has correctly 
reasoned that if the 6 ohm resistance is replaced by its equal, 2-12 ohm 
wires in parallel as in (a) then we have 3—12 ohm wires as in (b) and the 
answer is 4 ohms. 

The whole class seems to understand the solution almost immediately 
for they have no trouble in solving problem (d) by the same method. 
Maybe they have learned a thinking process. 

We later solve the same problem by use of the parallel resistance 
formula. This procedure of using the formula on a problem whose answer 
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has been previously found by reasoning helps to establish confidence in 
the formula. 


(d) Solution (d ) 
/2+ ‘2+ 
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Total R=? Total R= 2* 


Another “‘watch them think”’ situation arises in an experiment we do 
on the efficiency of a commercial pulley tackle. The pulley is rigged as 
shown in the sketch. The effort is applied to the spring balance A. The 
value of the effort is obtained by applying the proper correction to 
the reading of the balance A. Preliminary to the experiment, the class is 
asked to find this correction. Here again we have a splendid opportunity 














Avse heevy 
! A Spring bolame 


[iced | 
to judge their thinking ability. Some, realizing that the spring balance 
is being used in an inverted position, suggest a zero reading correction. 
Others, realizing that the balance itself weighs something, suggest that its 
weight should be added to all readings. About one in ten think clearly 
enough to decide that both corrections are factors in the problem and sug- 
gest handling them in the proper way. Then comes the question of finding 
the weight of balance A, which we need for the second correction. It is 
amusing to observe how reluctant high school pupils are to suggest the 
practical procedure of suspending balance A from another similar balance 
and thus obtain its weight. I suppose it is because their attention is focused 
upon the single balance hanging in an inverted position from the effort 
rope. It is probably a so-called ‘‘catch” question and catch questions should 
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not be included with good thinking questions. Provided we can distinguish. 

To my mind, a good thinking question is one whose solution requires 
the proper association of several facts and ideas, which due to previous 
learning, are easily recognized by the pupil. In a catch question one or 
more of the essential facts are obscure. To illustrate the point with an old 
favorite, “‘If a fish weighs ten pounds and half its weight, how much does 
the fish weigh?”’ It is a catch question, I believe, when stated as above, but 
a good thinking question when more clearly stated as—‘“‘If a fish weighs 
10 pounds plus one half its weight, how much does the fish weigh?” In- 
cidentally, it is a pretty good one to use any time a pupil seems a little 
confused as to how many halves there are in a whole. (Such situations do 
arise, I understand, according to Mr. Harrington’s report on the arith- 
metic tests.) 

Getting back to Physics, during the first lesson on Ohm’s law I usually 
go through the following exercise in an attempt to correlate the mathe- 
matical and electrical meanings of the law. Letting the size of the letters 
represent the values of the terms, we start with some standard, such as, 
when the pressure is £, the resistance R, then the current will be 7, or 


Now if we double the pressure thus, keep R the same, what about the 
current? Answer big I thus 
E 
— A 


R 


I 


Then using the original EZ but a double R what about the current? 
Answer little 7. Thus 


After several such problems, we conclude the exercise with,—suppose 
we use a double E and a double R what about the current? Usual answer 
is a double J. The correct answer given by the clear thinkers is J same size 
as in the first case. 

When a pupil expresses the temperature changes in his first temperature 
of mixture problem, we have another good opportunity to judge his clear 
thinking ability. Such a problem as,— 

If 400 grams of hot water at 95°C. are mixed with 100 grams of cold 
water having temperature of 10°C. what will be the final temperature of 
the mixture. (Neglecting heat absorbed by container and heat losses.) 
Letting T represent the final temperature of the mixture the pupil usually 
expresses the loss in temperature for the hot water correctly at 95°—T, 
but then expresses the rise in temperature of the cold water incorrectly 
as 10+7. A few clear thinking pupils can draw a chart as shown below and 
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avoid the mistake. 


445° 
; | -- }(95-7) 
(7- 10) 

| 10° 





It is always interesting to watch a pupil read an instrument for the first 
time. A certain amount of orderly thinking is required to figure out the 
value of each scale division. I often ask a pupil to read a voltmeter, am- 
meter, barometer, spring balance, thermometer, etc., which he has not 
seen before so as to observe his ability to figure out the scale values. As 
the year’s work progresses, I believe that they definitely improve in this 
respect, which means perhaps that they are learning how to think. Al- 
though of course, it may be proven that they have learned a technique or 
something which is not thinking. 

This brings up the controversial question of whether or not we are able 
to teach our pupils to think. I’ll avoid this psychological controversy by 
saying that whether or not we can teach them to think we should most 
certainly encourage them to think. And this can best be done by giving 
them plenty of opportunity to practice clear thinking. We should confront 
them with situations, problems, and questions which will stimulate clear 
thinking just as often as we can. 

With most of us, Physics is a one year course, which is too short a time 
to do everything we would like to do. We cannot very often spend a whole 
or half a period to carefully observe the progress of a class in solving prob- 
lems such as the ones I have mentioned above. We have to spend a great 
deal of our class time in teaching and demonstrating the principles of 
physics which are the stepping stones, the elementary factors of their prob- 
lem solving. 

We can present the problems in tests, but it takes a long time for the 
teacher to look over the paper carefully enough to judge the progress 
each pupil has made in the solution of a good problem. The solutions of 
numerical problems can usually be judged without expending too much 
time, and there are a great number of good numerical problems available. 
Some of the best of which have been published by members of this associa- 
tion. But what about the non-mathematical types of problems? They are 
difficult to make up in such a way that the teacher can correct the answers 
carefully in a reasonable time. I find that the objective type questions are 
very useful but they are difficult to write. Objective questions of fact can 
be had by the hundreds, but good thinking questions which can be scored 
objectively are not plentiful. There are some on the market, to be sure, 
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mostly in the form of copyrighted tests which do not always fit the work 
you have covered. I suppose we all make up a few of our own now and 
then. It occurs to me that we might pool our resources in this respect and 
all contribute a few good thinking questions which can be objectively 
scored. 

In closing, I would like to suggest that here is a good field of work for a 
new committee in our association. We have all been interested and have 
derived considerable benefit from the reports of the committees on current 
events, new books, and new apparatus, why not have a committee on good 
thinking questions? 

For the New Apparatus Committee Mr. Parker showed a third law of 
motion apparatus, some dial type resistance boxes, a new Ohm’s law ap- 
paratus, a Hope apparatus and a cryophorus and ice bomb (using dry ice). 

Mr. Stanley showed a set of airplane models with which interesting 
studies may be made of many of the problems associated with aviation. 
He also showed improved pump models, St. Louis motor, enlarged calipers, 
wet and dry apparatus and a line of meters with ingenious features. 

Mr. Carl Johnson showed apparatus for the study of simple harmonic 
motion and the inclined pendulum as used at the North High School, 
Worcester. 





Much interest was taken by the members in inspecting the extensive 
and well equipped science suite which was designed by Mr. Packard and 
has been named in his honor. No printed report can do justice to the 
address which Mr. Packard gave us. The large group of members stayed 
overtime while Mr. Packard talked from his wealth of experience. Much 
of it was the philosophy of teaching and of life but there were also practical 
parts with illustrations of apparatus and its use which made us envious 
of the boys and girls who are privileged to sit in Mr. Packard’s classes. 
The address was a composite of humor and seriousness, common sense and 
idealism, reminiscences and predictions which will be long remembered 
by all who were there. 





THE TEACHING OF PHYSICS 


HINTS AND SUGGESTIONS FROM AN EXPERIENCE OF 
FIFTY YEARS. THE IDEAL, 
Mr. Joun C. Packarp, Brookline High School 


Our topic is Physics but the all-around development of the boy or the 
girl is a large part of our objective. 


Mathematics. 

Mathematics is the language of Science, of Commerce, and of a large 
part of our every day life. How much? how far? how soon? how big? are 
questions that face us on every hand. Numbers, numbers, everywhere! 
Mathematics should be the most popular subject in the curriculum. It is 
not. Pupils are afraid of it. Seniors often approach the subject of College 
Preparatory Physics with fear or dodge it altogether because of the 
numerical! problems involved. We must overcome this prejudice by pre- 
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senting our questions and our problems in such an interesting sequence 
that pupils will want to know the answer and will be willing to make an 
effort to find it, showing them at the same time how, easily, to avoid the 
drudgery of tedious computations by the use of such ingenious devices 
as tables of four-place logarithms and anti-logarithms (no interpolations 
at first), slide rules and the like. 

One good problem solved at sight, by reference to the principle involved, 
is worth a half-a-dozen solved at home by slavishly following a sample 
set by the teacher or by the textbooks. Hence the value of the recitation. 
Thinking is great fun, if rightly done. 

Problems are not to be set, primarily, for drill, but for the information 
conveyed by their answers. 

Definitions. 

It is vitally essential, as in the languages, that we master the vocabulary 
of the science. Definitions must be clearly and precisely stated. A boy is 
seriously handicapped in attempting to solve a problem involving specific 
heat, if he has no adequate conception of the meaning of the term, specific 
heat. Be sure that the pupil knows precisely what he is after before he at- 
tempts to solve any problem, be it in the lecture room or in the laboratory. 
We had a long debate in one of my classes, the other day, over the word 
moment as given in the textbook before us and were quite elated to find 
later that the author had revised his definition in a subsequent edition. 


As the Days Go By. 
Constants must be visualized, so far as possible, in the terms of every- 
day life. How big is a cubic foot, a cubic inch, an ounce, a kilogram, a 
calorie? Models help greatly at this point. Ask yourself these questions. 
How big is a calorie in terms of the number of square inches of note- 
book paper required to produce such an amount of heat, by combustion? 
Compute the equivalent in kilogram-calories of a given item of food, as 
printed on the menu of a Child’s Restaurant, in foot-pounds and com- 
pare it with the amount of work done by yourself in climbing up to the 
second floor of the restaurant. How many foot-pounds of energy are 
absorbed by fifty pounds of ice melting in the sun? At what rate in H. P. 
is the energy being used if the ice is melted in 2 hours? How many 
Coulombs to plate a silver spoon? How many electrons per second flow 
past a given point in the filament of an electric lamp using current at 
the rate of half an ampere? 

Keep abreast of the times by reading the current literature of the sub- 
ject expressed in such language as the boys can understand. See Report 
of the Magazine Committee. 

Keep alive yourself and in love with your subject. Be as alert to sense 
a new illustration of a familiar principle of Physics, in the world about you, 
as a Lover of Nature is to identify a new bird, in the forest. 

A “bottomless pit”’ into which sand by the carload was being dumped 
from the Cape Cod Canal appeared to be well-named until it was dis- 
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covered that the adjoining land was rising in exact proportion to the 
amount of sand being dumped into the pit.—Pascal’s Law. A long pile 
stuck in the mud of the Charles River is to be pulled out. A barge carry- 
ing a donkey engine is brought alongside, a chain is passed from the 
engine through a pulley to the pile, the engine puffs away, the end of the 
barge sinks lower and lower into the water, pulled down by the tug of 
the engine on the pile. Presently up comes the pile with a jerk and the 
barge comes bobbing up to its former level.—Archimedes’ Principle— 
624 lb. uplift for each cubic foot of water displaced. The dimensions of 
the barge can be estimated and the pull on the pile determined, roughly, 
in tons. Freshly fallen snow has covered the back porch to a depth of 
several inches. You sweep off the steps, and there embossed in solid 
ice are a series of footprints, clinging tightly to the stairs. The milkman 
came early this morning.—Regelation. 

Revel in the stories of the famous scientists and their achievements 
until you feel that you have caught their spirit and can impart to your 
pupils a measure of their unbounded enthusiasm, their unending patience, 
and their tireless perseverance. See Agassiz climbing the Alps for a study 
of the great glaciers, trying to find out how these masses of ice can flow 
down the mountain like a river. Hear him expound the theory of regelation 
to account for the twisting and turning of the river of ice as it encircles a 
huge boulder. Listen to his explanation of the formation of those “‘bottom- 
less pot-holes”’ in the glaciers by the theory of the churning, up-and-down, 
movement, of the water, due to the marvelous fact of the maximum den- 
sity of water-fixed at 39° F. A triumph of genius. 

Cultivate a sense of humor, the most valuable and useful implement in 
the kit of a successful teacher. Read Jmnocents Abroad and see how Mark 
Twain utilized the story of the rate of movement of a glacier as measured 
by Agassiz, the determination of the height of a mountain by the tempera- 
ture of boiling water, and the elimination of air from a barometer by boil- 
ing. Tell these stories to your boys at an opportune moment and secure the 
human touch. 

In designing a new laboratory or a Science building have a series of wall 
cases built into the corridor or placed in the laboratory to be fitted up 
later, by the boys if possible, with working models of scientific apparatus 
made to operate by the turn of a switch or the push of a button. Wonder, 
Reverence and Awe. 

Millikan has said that when one ceases to wonder, one ceases to grow. 
Cultivate a sense of wonder, reverence and humility as you view the in- 
comparable devices of Nature and the persistence of her laws. The ‘“‘con- 
templation”’ of the flight of birds, the distribution of seeds, the mechanism 
of the eye and of the ear, the thermostatic control of the body temperature 
through the vaso-motor system, the stream-lining of Nature’s submarines 
and their adaptation to their environment should still “give us pause.” 
More and more are we turning to Nature for hints and suggestions toward 
the improvement of our own devices, 
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Do not leave the subject of Optics until you have shown at least one set 
of slides revealing a few of the wonderful things to be seen through a 
microscope and a glimpse of the glories of the Universe as viewed through 
a telescope. 

Science and Art should go hand in hand. 

The New Physics. 

Proterons, deuterons, quanta and the like are not for the High School. 
Let the colleges handle such for a while. We had better spend our spare 
time, if we have any, upon a more intensive study of the Diesel Engine, the 
air-conditioning of our homes, and the spectrum, or upon a better correla- 
tion with the Physics, the Chemistry and the Biology. 

Conclusion 

Physics is something more than a series of facts to be memorized, of 
principles to be learned, of problems to be solved, and of College Examina- 
tions to be passed. It is a glorious view of one aspect of the Universe. Have 
we, as a group, been neglecting the cultural and the esthetic, not to say 
the spiritual element in favor of the purely mechanical? I am afraid so. 





PROBLEM DEPARTMENT 


ConpvuctTeED BY G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or 
proposed problem, sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to G. H. 
Jamison, State Teachers College, Kirksville, Missouri. 





SOLUTIONS AND PROBLEMS 


NOTE. Persons sending in solutions and submitting problems for 
solution should observe the following instructions. 
1. Drawings in India ink should be on a separate page from the 


solutions. 
2. Give the solution to the problem which you propose if you have 


one and also the source and any known references to it. 
3. In general when several solutions are correct, the one submitted 
in the best form will be used. 


LATE SOLUTIONS 
1440. H. R. Mutch, Glen Rock, Pa. 
1441. A. H. Haynes, Tacoma, Wash. 


1438. Hyman Zalosh, New York, N. Y.; James C. Lawrence, Akron, Ohio; 
David Blackwell, University of Illinois; Hobson M. Zerbe. 
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1442. Proposed by J. A. Berry, Wiley, Colo. 


The two upright portions of the letter ““N”’ consist of rectangles 4 in. 
high and 1 in. wide. The cross portion is a parallelogram 1 in. wide. If the 
entire width of the letter is 4 in. find the area of the three portions of the 
letter. 

Solution by Carl Holtom, West Lafayette, Ind. 


Let the required area be A. Then A =16 —2a, where 2a =2(4—2x). From 
similar right triangles 


-: y 
oe. (1) 


Also 
xt=y?+1, (2) 


Eliminating y from these equations we get: 3x?+8x —20 =0. Then 


_ —44+2/19 


2(16—24/19) 
3 , an = 


d 242—__—_—- 


x 
and the required area is 


19) 
SOE) 1.145, 


Solutions were also offered by Maxwell Reade, Charles W. Trigg, Los 
Angeles, Karl F. Keirstead, St. Andrews, N. B. Canada, Harry Hashey, 
St. Andrews, N. B. Canada, Robert Crookshank, Brookfield, Mo., Carl 
Porter, Browning, Mo., Evelyn Sexton, Centralia, Mo., Louis Culmann, 
Indianapolis, Ind., Seymour J. Sherman, New York, W. E. Buker, Leets- 
dale, Pa., and Kenneth P. Kidd, Sweetwater, Tenn. 





























a 


1443. Proposed by Howard Grossman, New York. 


A cow matures and has a calf at the end of its third year, and then has 
one every year thereafter for twenty years. Each calf matures and has a 
calf of its own at the end of the third year and one each year thereafter 
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for twenty years. Find the number of cows and calves at the end of twenty 
years. 
Solution by W. E. Buker, Leetsdale, Pa. 


We begin with a calf which was born at the end of the preceding year. 
Then, if V; represents the number of her descendants after the expiration 
of i years, we have 

N,=0, N2=0, N3=1, Ng=2, Ns =3 and 
- =4+N3, N7=54+Nat+N3=Ne+Nit+1 
wor tt N7 +Ns+1 


N; nf ~2)4lc04 Meet » N= Ni +Nistl. 
Evaluating the formula for i =20, we get 1277. 
Hence, if the ancestral cow is still alive, we have 1278 as the total number 
of cows and calves. 

Solutions with this result were offered by: Kenneth P. Kidd, Sweet- 
water, Pa., Maxwell Reade, W. R. Smith, Chicago, E. B. Escott, Oak 
Park, Illinois, A. L. Wyrglinchbeath, Altoona, Pa. 

Epitror’s Note: Charles W. Trigg and Hugo Brandt offer solutions in 
which the first year is the year in which the first calf was born. Hence all 
calves born up to and including the seventeenth year were cows at the 
end of 20 years. This yields a total of 4023 cows and calves for the period. 


1444. Proposed by W. E. Buker. 
Solve in positive integers: a* +63 +c +d' +e =/*. 
Solution by Charles W. Trigg, Cumnock College, Los Angeles. 
Compare the given equation with the identity, 
(—x+y+2 P+(e—y +s) +(e ty —2)? +24ays = (x+y +2)*. 
Evidently values of x, y and z which satisfy the equation d*+e* =24xyz 
will yield solutions a= —x+y+2, b=x—y+2, c=x+y-—z and f=x+y+2 


of the original equation. The solutions of the secondary equation fall into 
the three classes determined by the congruences, 


(1) (24k +m)* +(24n —m)* =0 (mod 24), 
(2) (6k)*+(6n)*=0 (mod 24) which reduces to 
(3k)? +(3n)*=0 (mod 3), and 
(3) [2(34 +1) ]®+[2(32 +2) }*=0 (mod 24) which reduces to 


(3k +1)*+(3n +2)* =0 (mod 3). 

From these congruences, in which k, m and n are integers, values of d 
and e are established. x, y and z are ‘factors of (d'+e*)/24. Since only 
positive integral solutions are desired, only those values of x, y and z such 
that the sum of any two is greater than the third may be employed. 

A few examples from each set follow: 


d e x y z a b c f 

(1) 1 23 3 13 13 23 3 2¢ 
11 13 3 7 7 11 3 3 17 

(2) 6 6 2 3 3 4 2 2 8 
6 12 1 9 9 17 1 1 19 

6 18 4 7 9 12 6 2 20 

6 24 5 9 13 17 9 1 27 

12 12 2 9 15 3 1 19 
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(3) 4 2 i 3 3 5 1 1 7 
4 8 2 3 4 5 3 1 9 
8 16 4 6 s 10 6 2 18 


Evidently any set of solutions, s;, will yield an unlimited number of 
sets, psi, where p is any integer. 
1445. Proposed by Cecil B. Read, University of Wichita, Kansas. 

Find, without the use of the calculus, the minimum positive value of 
2 cos x+seCc x. 


Solution by the proposer: 


Let 2 cos x+sec x =k. 
Hence 2 cos? x —k cos x +1 =0 
ki Vk-8 
coe so 

4 


Since cos x is real, k—8 must be 20, hence the least value of the given 
expression is the value k=2 v2. 

Solutions were also offered by W. R. Smith, Chicago, Hugo Brandt, 
Chicago, David Blackwell, University of Illinois, Maxwell Reade, Charles 
W. Trigg, Los Angeles, Carl Holtom, West Lafayette, Ind. 


1446. Proposed by Maxwell Reade, Brooklyn. 

In triangle A BC, lines CE and BD meet at O, with point Z on segment 
AB and D on segment AC. Find the relation between angles DEO and 
OBC, the relation between ED and BC and prove AB:AC::AD:AE. 

Solution by W. E. Buker, Leetsdale High School, Leetsdale, Pa. 

This problem seems to be incorrectly stated. For consider triangle A BC, 
with BD in any given position. As O is unrestricted, E may occupy any 
position on AB. Thus, while AB, AC and AD are fixed, AE varies; so that 
AB:AC=AD:AE for varying values of AE. 

Under the above statement of the problem, there appears no simple re- 
lation between the angles DEO and OBC, nor between lines ED and BC. 

A similar conclusion was reached by Charles W. Trigg. 

1447. Proposed by S. I. Jones, Nashville, Tenn. 

A telephone pole is 40 feet high. It is 20 inches in diameter at the base 
and tapers to 6 inches at the top. If a vine grew around the pole every 24 
inches, how long is the vine? 

Solution by Charles W. Trigg, Cumnock College, Los Angeles. 


First Solution 
If the Z-axis be taken as the axis of the telephone pole, then the projec- 
tion of the vine on the plane perpendicular to the axis at the point where 
the elements of the pole meet is evidently a portion of a spiral of the form 
r =a0. Now for values of 6 differing by 27, r differs by m, where m is found 
m 3(20 —6) 
from — =——— . So m=168/ V 230449. The equations of the vine 
24. V(480)?+7? 
space curve in cylindrical coordinates are r = m@/27,r/z =7/480. It follows 
that d@/dr =22/m and dz/dr =480/7. 
The length of the vine, 
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= fT GyeGyny" 
fly)" 
AsV) +3 = (HV E))] 


_V 230449 107+ /100x?+144 
168 
= 885.27 inches=73 feet 9 inches. 


144 
10\/ 1002+ 144 — 3, On?+ 144 +— log 
3r+y 9On*+ 144 


Second Solution 


Evidently if the pole were extended until its elements met, its height 

would be gotten from (i —40)/6=h/20, so h=57+ ft. Then the length of 
a 

an element of the cone would be e = V (57+)?+(44)? ft. Now if the surface 
of the cone be unrolled into a plane, we would have a circular sector with 
radius=e, and arc=207/12 ft. so that its central angle, @=207/12e 
=147/V 230449. If the successive conical frustrums having 24-inch ele- 
ments be successively unrolled so as to not break the vine, then the vine 
will lie in a spiral, r = a@, where as 6 varies by ¢, r varies by 2 ft. Hence the 
curve is r=20/¢. The length of the vine in feet is, 


se ff d2)\a. Tae a he 4(2Yar 
s= J [n(5)+ ; 2 17} 4 n+(S)ar 
Of 7.727 ,2 7,.(2\*\_ |% 
is 2 24 e+( ) wr log (++ V r+(~)) 174 


which after some labor reduces to 73 ft. and 9 in. 

Other solutions were offered by W. E. Buker, Hugo Brandt, Maxwell 
Reade and Carl Holtom. Mr. Buker refers to Finkel’s Mathematical Solu- 
tion Book, pp. 388-9, where a general solution of the problem may be 
found. 


HIGH SCHOOL HONOR ROLL 


The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems 
submitted in this department. Teachers are urged to report to the Editor 


such solutions. 
For this issue the Honor Roll appears below: 


1442. Herndon Fletcher, Shortridge (Indianapolis) High School; Charles 
Parker, North High Math Club, Akron, Ohio. 


1444. Charles Krane, Leetsdale, Pa. 
PROBLEMS FOR SOLUTION 


1460. Proposed by H. R. Mutch, Glen Rock, Pa. 
If P, QO, and R be the pth, gth and rth terms of a geometric progression, 
then Pe-r-Qr-v- Rea =1. 


1461. Proposed by Norman Anning, University of Michigan. 


Show that, if we take the four numbers V2, V3, 2, V6 and from the 
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sum of any pair subtract the sum of the other pair, the result will be the 
exact value of the tangent of some integral multiple of 74 degrees. 


1462. Proposed by a teacher. 

Show that, if tan x+tan y+tan z=tan x tan y tan z, then 1 —tan y tan 
z—tan z tan x—tan x tan y= +SseCc X% SEC y SEC 2. 
1463. Proposed by Max Fowler, Centralia, Ill. 


The sum of the squares of the medians of a triangle is equal to three 
fourths the sum of the squares of the sides. 


1464. Proposed by Cecil B. Read, Wichita, Kan. 
Attention: High School Students 
Given a circle and any two fixed points within the circle. Inscribe in the 
circle a given angle, less than 180°, whose sides shall pass through the two 
fixed points. 
1465. Proposed by A. R. Haynes, Tacoma, Wash. 
If a+b+c=0, show that 
&+b+c 5(a’+b'+c’) 
@+b +c? 7(a'+b'+c!)" 








SCIENCE QUESTIONS 
October, 1936 


Readers are invited to co-operate by proposing questions for discussion or 
problems for solution. 

Examination papers, tests, and interesting scientific happenings are very 
much desired. Please enclose material in an envelope and mail to Franklin T. 
Jones, 10109 Wilbur Ave., Cleveland, Ohio. Thanks! 

Your classes and yourself are invited to join the GQRA (Guild Question 
Raisers and Answers). More than 150 others have already been admitted to 
membership by answering a question or proposing one that is published. 

Answers are lacking to Questions 731, 733, 734, 737, 738, 739, 740. Sub- 
mit them to your classes; send in the answers. 


BECOME MEMBERS OF THE GORA 


Contributors from October, 1935, to June, 1936, came from nineteen states 
and one foreign country. 

In the same period of time fifty-three new members of the GORA were 
elected. 


ANOTHER “THINK” QUESTION 
Proposed by Glenn F. Hewitt, Von Steuben High School, Chicago, Ill. 
(Elected to the GORA No. 151) 
What is peculiar or odd in the following story: 


“One hot afternoon in August, a group of ladies were playing bridge. 
Near the end of the afternoon, the husband of one of the ladies arrived 
to take his wife home in the car. She told him they would leave as soon as 
they finished the hand they were playing, so he sat down in a chair outside 
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on the front porch to wait. As it was a very hot afternoon and he had hada 
tiresome day at the office, he became drowsy sitting there with no one to 
talk to and he very soon dozed off. He began to dream a vivid dream. 
He seemed to see himself back in the days of the French Revolution. Riot 
and confusion were everywhere. Ahead of him he saw the guillotine, and 
saw victim after victim being led up to its voracious jaws, and heard a 
new shout go up at the sight of each new sacrifice and a greater shout as 
each head fell. Suddenly he realized with horror that he himself was in the 
lineup of victims! All too soon the line ahead of him passed up and on 
into Eternity, and now it was his turn. He was placed in a kneeling posi- 
tion before the machine, the signal was given to release the blade, and the 
knife started down with a rush. 

“Just at this point in his dream, the ladies emerged chattering from the 
house, and his wife, noticing her husband asleep in his chair, gently tapped 
him on the neck with her glove to awaken him. The tap on the neck came 
just at the precise instant in his dream when the guillotine blade had 
reached his neck. The shock to his nervous system was so great that he 
fell off his chair—dead.” 

What is your answer? 


BIOLOGY 


768. Submitted by Sister Mary Stanislaus Costello, Mercy High School, 
Milwaukee, Wis. (Elected to the GORA No. 152) 


True and False 
1. Assimilation is the process of changing food material into 
protoplasm. , 
2. Chromosomes are valuable to plants in manufacturing foods. 
3. Maggots are larvae of certain two-winged insects, known as 
Diptera. a aa 
4. Insect damage to plants is done largely by pupae. 
5. A “Chrysalis” is the larva of a beetle. 
6. Fish eggs are fertilized before they are laid. 
7. All fish have vertebral columns. 
8. Amphibians usually undergo a metamorphosis. 
9. Turtles and lizards are classed as amphibians. 
10. Snakes kill and chew their food before swallowing. 
11. In birds sight is not as keen as the sense of smell. 
12. All vertebrates are warm blooded, milk giving animals. 
13. Amphibians may breathe by gills, lungs, or skin. 
14. The protozoa which appear in a hay infusion have developed 
from the bacteria within the culture, (hay infusion). 
15. Animals migrate to new localities only because it is their 
nature to be moving about. 
16. The human body oxidizes food to release energy. 
17. The skin removes waste from food oxidation. 
18. Body movement is made possible by the release of energy ob- 
tained from food. 
19. The organic nutrients are carbohydrates, fats, and proteins. 
20. Minerals are an essential in a diet because they help to build 
bone. 
21. Vitamins are regulators of growth and health. 
22. Only dissolved foods can be absorbed through cell walls. 
23. The Bible spoke a biological truth when it stated, ‘‘All flesh is 
grass.”’ snasenttidie 
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24. All crustaceans molt in order to grow larger. 

25. Few birds, if any, are entirely harmful. 

26. Animal and plant cells grow larger as the organism increases 
in size. - 

27. Flat worms, starfish, earthworms, and many other low forms 
of life are capable of regenerating lost parts. 

28. Gregor Mendel made his famous discoveries about the year 
1900. 

29. In heredity “‘blood does not tell’’ but chromosomes do. 

30. The green leaves of a tree are food factories and do their work 
by energy received from the sun’s rays. 

31. Energy is anything that occupies space. 

32. When carbon is oxidized, a gas which turns limewater milky 
is formed. 

33. Chemical changes merely change the form or state of the 
matter concerned. 

34. Physical changes cause the forming of entirely new substances. 

35. The living substance of plants and animals is called proto- 
plasm. 

36. Chlorophyll is the essential living part of all cells. 

37. Complicated types of cell division are called mitosis. 

38. Insects use plants as food but give nothing in return. 

39. The reproduction of flies could be kept down by destroying 
decaying matter. 

40. Green plants may carry on photosynthesis in darkness. 

41. One fish may lay thousands of eggs, but only a few mature. 

42. A fish has but one ventricle, and one auricle. 

43. Tadpoles breathe by gills; frogs, by lungs and skin. 

44. Birds’ teeth are adapted to chewing seeds and insects. 

45. Mammals are warm-blooded, have four chambered hearts, 
diaphragms, and well-developed lungs. 

46. Young mammals are nourished by milk from mammary 
glands. 

47. All animals having backbones are invertebrates. 

48. The human body may be compared to a machine because both 
turn over potential energy into kinetic energy. 

49. The human body is like a machine because it cannot repair 
itself. 

50. The femur is the largest bone of the arm. 

51. The knee cap is known as the ulna. 

52. The patella is a small bone between the upper and lower leg. 

53. Within the body of man are two cavities separated by a thin 
wall of muscle called the diaphragm. 

54. The ribs are protective to the heart and lungs. 

55. Proteins are necessary in building protoplasm. 

56. Carbohydrates are the highest of all nutrients in energy 
value. 

57. A food furnishes energy or repairs and builds up body tissue 
or both. 

58. Pasteurization means the boiling of milk for not more than 
ten minutes. — 

59. The life cycle of a parasite often requires more than one host. ——__ 

60. Starfish may affect the price of oysters. = 


B. Matching Test (20 points) 
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1. Snakes —._.. . a ( ) A. Microscopes 
2. Photosynthesis - . ( ) B. Rid of liquid waste 
i a ( ) C. Scavangers 
4. Warm-blooded - ( ) D. Food Manufacturing 
5. Diaphragm — on ( ) E. Locomotion 
6. Pseudopodia _ 2 ( ) F. Hearing 
7. Change of Color —_ = ( ) G. Migration 
jf ) a ( ) H. Molt 
9. Tympanic Membrane - ( ) J. Protection 
10. Snails —_____ . ( ) I. Mammals 
C. Give one statement showing you know his place in biology: 
(20 points) 
1. Audubon 
2. Pasteur 
3. Mendel 
4. Jenner 
5. Koch 
COLLEGE BOARD EXAMINATION 
Biology 
Wednesday, June 17 2 P.M. Two hours 


Answer eight questions only, numbering your answers to corre- 
spond with the questions selected. 
1. a) What is meant by the expression: ‘“‘evolution of organisms’’? 

b) Write one or two paragraphs showing how each of the following ex- 
pressions has significance in connection with theories of evolu- 
tion: 

1) variation 
2) mutation 
3) overpopulation 
4) survival of the fittest 
5) adaptation to environment 
2. The long-haired condition in the rabbit is recessive to the normal 
length of hair. Consider that pure strains of these two types are 
crossed. 
) If one of the offspring (the first filial generation) is then crossed 
with a long-haired individual, what types of fur would be ex- 


pected? 
b) Show how Mendelian Laws are concerned in both of the crosses 
mentioned. 
3. a) What is transpiration, and what structures are concerned in the 
process? 


b) List all of the factors of the external environment which may in- 
fluence the rate of transpiration. 
c) How do plants avoid the dangers of excessive transpiration? 
4. Compare circulation in flowering plants and in vertebrates, indicating: 
a) the materials transported 
b) the structures involved in transportation 
c) the means by which transportation is accomplished 
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5. The bean and the frog are classified as “‘higher’’ organisms. By com- 
paring (a) the bean with the moss or (b) the frog with the earth- 
worm, show how classification is based on structural and functional 
advances. 

6. Give the biological reason, or reasons, underlying each of the following: 

a) regular exercise 

b) a diet containing carbohydrates, fats, and proteins in the ratio of 
S333 

c) federal inspection of meat and meat products 

d) pasteurization of dairy products 

é) inclusion of orange juice in the diet 


7. a) Name and explain the action of three hormones, and give the source 
of each. 
b) Name three vitamins, give a food source of each, and state the im- 
portance of each in the diet. 


8. What are some of the biological effects on the parasite of a parasitic 
existence? Illustrate by giving one example from plants and two 
from animals. 

9. Make fully labeled diagrams of any two of the following: 

a) a longitudinal section of a flower 

b) an external view of an insect 

c) a cross-section through a monocotyledonous stem 

d) a longitudinal section of hydra 

10. Define any five of the following, indicating the biological significance 

of each: 

a) metamorphosis 

b) saprophyte 

c) tropism 

d) zygote 

e) vaccination 

f) enzyme 

g) eugenics 

h) regeneration 

i) gene 

j) hibernation 


Have you answered eight questions? 
If you have answered more than eight questions, cross out the one 
or ones that you do not wish to have counted. 


HIERO’S CROWN PROBLEM AGAIN 


732. Answer submitted for Archimedes Club. Phineas Banning High School, 
Wilmington, California. By Margaret Moody, Secretary. (Elected to 
GORA, No. 149). 

Enclosed is a solution of the problem of Archimedes that was published 
in ‘“Pike’s Arithmetick,’’ edited by Nicolas Pike and printed and pub- 
lished by Wm. S. Parker in 1822. The science and mathematics club, the 
Archimedes Club, arranged to send this solution. 

“Hiero, king of Syracuse, gave orders for a crown to be made entirely 
of pure gold: but suspecting the workmen had debased it, by mixing 
with it silver or copper, he recommended the discovery of the fraud to the 
famous Archimedes, and desired to know the exact quantity of alloy in 
the crown. 
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“‘Archimedes, in order to detect the imposition, procured two other 
masses, one of pure gold, and the other of silver, or copper, and each of the 
same weight with the former: and by putting each separately into a vessel 
full of water, the quantity of water expelled by them, determined their 
specific bulks; from which, and their given weights, it is easier to determine 
the quantities of gold and alloy in the crown by this case of Alligation, 
than by an Algebraic process. 

“Suppose the weight of each mass to have been 5 lb. the weight of the 
water expelled by the alloy 23 oz. by the gold, 13 oz. and by the crown 
16 oz. that is, that their specific bulks were as 23, 13, and 16; then, 
what were the quantities of gold and alloy respectively in the crown? 

“Here, the rates of the samples are 23 and 13, and of the compound 16, 
whence, 

16} “4 7 of gold ? And the sum of these is 7 +3 =10, which should have 
23) 3 of alloy § been but 5, whence, by the rule, 

_.§7:3} lb. of gold | 

** 73:14 Ib. of alloy § 


10:5 the Answer.” 


CAPT. HOWARD’S TALE 


About the date (Aug. 1, 1936) of the GQRA picnic, Capt. Howard 
started on his bicycle to go from Madison to his home near Geneva (dis- 
tance about 6 miles). A storm of cyclonic proportions came up and Capt. 
Howard says the ‘“‘wind helped him some.’’ He came the distance in 7} 
minutes. He said that he rode in a “cloud of dust kicked up by his front 
wheel”’ and was surprised on arriving home to find his back wet and his 
coat muddy with mud thrown by his “‘rear wheel.”’ 

The question arises—‘‘How much did the wind help the Captain?” 
and “how fast would it have to blow?”’ 

Captain Howard is a prominent member of the ‘‘Tall Stories Club.”’ 

Member Bonsor of the GQRA, Number 126, Editor of the Geneva Free 
Press, thinks Capt. Howard should also be made a member. 


THE INDIANAPOLIS MEMBERS TAKE A HOLIDAY 
WALTER H. CARNAHAN 


Running southwest from Crawfordsville, Sugar Creek and its tribu- 
taries have carved out some of the most interesting and scenic features of 
Indiana. Best known is Turkey Run State Park, visited by thousands 
annually from Indiana and other states. Only a few miles northeast of 
this park is The Shades, privately owned and operated as a park and 
amusement place. Northeast of The Shades and about twelve miles from 
Turkey Run State Park is the third scenic region, Pine Hills. 

Pine Hills is the property of Mr. Lawrence Hasselman, an educated 
and cultured gentleman with a fine appreciation of Nature’s gifts in all 
their many forms. The property is not a park, and it is not operated for 
profit, nor exploited in any way. 

It is evident to one visiting Pine Hills for the first time that the one 
who named the region must have approached it by way of Sugar Creek, 
because from that side one would certainly be impressed with the features 
as hills. However, one who gains first impressions by approaching from the 
south would probably apply the name Pine Hollows, because the road 
from the south is over comparatively level terrain. Then suddenly when 
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one has gone half a mile across the Hasselman estate all levelness and 
regularity ends. You are standing at the edge of a sheer drop seventy-feet 
to the rushing waters of the little creek below. Here pause a few minutes 
(in any event you will hardly care to walk on in the direction you have 
been going), and let Dr. Potzger of Butler University tell us something 
of the wonderful region at our feet. 

Here is something unusual in streams. Notice that Clifty Creek just 
beneath us, Rock Creek a hundred yards away and Sugar Creek into 
which both flow three hundred fifty yards from our position are meander- 
ing streams and yet the geological evidence is clear that they are new 
streams. Now, meandering is a characteristic of old streams that have 
wandered back and forth across the terrain until they have become lost 
and can no longer tell directions. Such situations as these are called en- 
trenched meanders. 

And here is something unusual in trees. Here are many white pines 
(whence the name Pine Hills) which belong much farther north, and here 
are many hemlocks, also northern trees. There are no other such trees 
growing wild in this region. How did they get here? How can they maintain 
themselves in competition with oaks, redbud, sycamores and other trees 
characteristic of the region? Perhaps the Wisconsin Glacier is the answer 
to the first question. For the answer to the second, note the positions of 
the trees. They take root in the rocky soil of steep declivities where other 
trees cannot thrive and choke them out, and there without competition for 
food and moisture they continue to grow, giving their beauty to the land- 
scape, and filling the air with that wonderful odor of evergreens that fills 
your nostrils with every breath. Such growth is called a relic colony. How 
easy it would be for man to throw his influence on the wrong side in the 
unequal fight and destroy the colony. Thanks to men of vision and appre- 
ciation such as Mr. Hasselman, the fight for existence shall not be lost by 
the last survivors of an expatriated race. 

The Indiana members of The Central Association and their families 
and friends visited Pine Hills for a May Holiday on the ninth. The day 
was a rare one, even for May in Indiana. A warm sun was kind enough to 
“Spread them shadders anywhere,” as our Riley sang, and the earth was 
dry and pleasant. After Dr. Potzger’s brief explanatory remarks about the 
geology and botany of the region, all took up thermos jugs and lunch 
baskets to go down to the stream to eat. 

Each one in the party had brought his own lunch, and great individual- 
ity was exhibited. Some brought sandwiches, fruit, potato chips, cakes and 
coffee and sat down at once to eat. Others made lunch a matter of more 
ceremony and labor. For example, behold our honored past president 
Walter Gingery making biscuits and baking them for seven or eight people. 
Thanks to his skill and the very efficient little out-door oven, the bread 
rose to a fluffy lightness and browned deliciously above and below. They 
were eaten to the last crumb, and Mr. Gingery was compelled to respond 
with an encore. And there is our Association treasurer Ersie Martin and 
Mrs. Martin cooking steaks over a fire and eating them as if they were as 
good meat as ever cooked, which they look to be. Little Mary Elizabeth 
Carnahan, youngest member of the party, wandering about in the woods 
found a mushroom, and a little search paid dividends with many others. 
Into a buttered skillet they went and furnished a tasty delicacy for many 
members of the party. 

Lunch over and the creek bank cleared of rubbish, real activity began. 
Dr. Potzger first led the party up a steep bluff for a crossing of Devil’s 
Backbone. The Devil’s Backbone is a rock seventy feet high, four feet 
wide at the top and giving a walkway forty feet from one bluff to another. 
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The sides fall away almost sheer to the creek below. The same creek flows 
on both sides of the Backbone, all but eating out the rock to form a natural 
bridge. It was here that some of the party picked cones from the top of a 
pine without having to climb. The tree grows against the side of the rock 
with its top level with the Backbone. 

It may seem unnecessarily exciting to leave you on top of this high rock 
(particularly since it bears the name it does), but we cannot justifiably 
weary you with more details. May we bring the account to a close by 
wishing for each of you a visit to Pine Hills sometime in the near future. 
(Arrangements for all visits must be made in advance with Mr. Lawrence 
Hasselman). 
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Living Chemistry, A Pandemic Course for High School Pupils, by Ernestine 
M. J. Long. Normandy High School, St. Louis, Missouri. 1st edition. 
Pages 225. 22 X27 X1.5 cm. Paper. Covers bound with spiral wire bind- 
ing. 1935. Planographed and published by John S. Swift Co., Inc. 
St. Louis, Missouri. 

This combination of laboratory manual and work book and text book is 
nothing if not original. The pupil who fulfils all of its requirements will 
have undergone a real course in pandemic chemistry as well as a course in 
morals as applied to honesty in the use of the scientific method and one of 
appreciation of the work of the great chemists. 
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The teacher who manages to get most of the members of a class to fulfil 
the requirements of the book must be made of good stuff too. Only a deep 
conviction of the worthwhileness of the whole process could lead anyone 
to embark on the enterprise. It is intended that a regular text book should 
be used with this manual and lectures are provided at suitable points 
(Copies of these may be had from the author). There are many references 
to standard texts and journals and the pupils are evidently expected to 
make use of them. Blank spaces to be filled in abound in the book and 
many problems and self administered tests are provided. There is much 
work assigned to committees throughout the book. Modern pedagogical 
methods appear frequently. The chemistry which is taught is modern and 
very extensive. 

FRANK B. WADE 


General Chemistry, an Elementary Survey, Emphasizing Industrial A ppli- 
cations of Fundamental Principles, by Horace G. Deming, Professor of 
Chemistry, University of Nebraska. Fourth Edition, Rewritten and 
Revised. Pages ix+769. 3.815X22.5 cm. 170 figures. Cloth. 1935. 
$3.50. Wiley. 

Although one not familiar with the author’s viewpoint might think from 
the title that this revised text is given over to applications rather than to 
the teaching of fundamental principles a little study of it will show that 
the author believes, as he says in his preface to the first edition, that ‘‘the 
purpose of a first course is not so much to impart information as to disclose 
a point of view. The facts of chemistry are but the raw materials from 
which must be synthesized a certain state and quality of mind.” 

There has been so much of real revision in this new edition that the col- 
lege teacher who is interested in keeping up to date in his presentation of 
general chemistry should, by all means, make a study of Professor Dem- 
ing’s tactics. One original feature consists in the printing in italics at the 
beginning of each section, beginning with Part II, of references relating 
the descriptive chemistry of the section with general principles, wherever 
this is possible. 

The electron is introduced relatively early in order to treat of the forma- 
tion of simple ions by loss or gain of electrons. The introduction of theories 
has been done at intervals with descriptive material sandwiched in be- 
tween to avoid surfeiting the student with overdoses of theory. 

Sampling the text here and there we find a modern type of treatment 
everywhere in evidence, the Bronstead view of acids, bases, salts, neutrali- 
zation and hydrolysis being used rather consistently, for example. 

FRANK B. WADE 


Organic Chemistry, A Brief Introductory Course, by James Bryant Conant, 
President of Harvard University, Formerly Sheldon Emery Professor of 
Organic Chemistry, Harvard University. Revised, with the assistance 
of Max Tishler, Ph.D. Pages ix+293. 2.514.522 cm. 27 Figures. 
Cloth. 1936. $2.60. Macmillan. 

This revision of Dr. Conant’s Introductory text in Organic Chemistry 
was projected by him about the time of his promotion to the Presidency 
of Harvard University and has only recently been completed. It continues 
to use the psychological rather than the logical approach to the subject, 
Dr. Conant believing that it is better to interest and thus stimulate the 
student to study rather than to fill him up with multitudinous facts and 
classifications before he realizes what it is all about. The text therefore 
approaches the chemistry of the carbon compounds by way of the more 
familiar alcohols rather than with the hydrocarbons. 
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The text is designed primarily for those students who are not to become 
specialists in chemistry but rather who are to go on into medicine or some 
other field which requires only a modicum of chemical background. It 
would therefore seem to be eminently well suited to use in academic col- 
leges or in courses leading to home economics or agriculture in technical 
institutions of the state college type. 

FRANK B. WADE 


Tests and Measurements in Industrial Education, by Louis V. Newkirk, 
Director of Industrial Arts, Chicago Public Schools, and Harry A. 
Greene, Associate Professor of Education, University of Iowa. Cloth. 
Pages v + 253. Size 15.2 X22.8 cm. 1935. John Wiley & Sons, Inc., 
440 Fourth Avenue, New York City. Price $2.75. 

The authors of this book give a clear practical treatment of tests and 
measurements especially applied to Industrial Education. The objective 
of this book is to ascertain through the medium of measurements the 
special aptitudes, interests, and achievement of students in the industrial 
and vocational field. The authors have done this in a concise and construc- 
tive way. 

I. The text points out very clearly the need of a more objective type of 
rating of pupil achievement, gradation, and guidance. 

II. The text clearly evaluates the varius types of industrial arts tests 
as well as the general intelligence tests and clearly defines the meaning of 
terms as applied in the testing field. 

III. An exceedingly fine chapter on how to construct informal shop 
tests is found in the text. 

IV. Suggestive methods of developing and using various rating scales 
for character and personality traits are well presented. 

V. The non-technical discussion of statistical tools in the analysis and 
interpretation of the results of testing is a helpful chapter. 

VI. Chapters 14 and 15 are exceptionally fine chapters presenting a 
non-technical discussion of common statistical tools which practical 
teachers will find useful in the analysis of test results. 

The reviewer believes that the teachers of industrial education are for- 
tunate in having a text such as this as a guide in order to develop objec- 
tive tests and to interpret the results. 

F. W. ZIEGENHAGEN 


MICROSCOPE AWARDED TO DR. NOVY 


Dr. Frederick George Novy, former professor of bacteriology and dean 
of the Medical School of the University of Michigan, was awarded the 
250,000th microscope produced by Bausch & Lomb at a luncheon tendered 
to members of the American Association for the Advancement of Science 
during its summer sessions at Rochester, New York. 

Dr. Novy was selected for this honor by the executive committee of the 
A.A.A.S. for outstanding research in the field of bacteriology and im- 
munology. He discovered and isolated the Bacillus Novyi, the agent of 
gas gangrene; was the first to culture Trypanosoma Lewisi, and is the dis- 
coverer and isolator of Spirochaeta Novyi, the cause of American relapsing 
fever. He has also made notable contributions to the study of filterable 
viruses, the respiratory processes of bacteria, and the causes of diphtheria, 
yellow fever, and bubonic plague. A student of both Koch and Pasteur, 
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